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PRESIDENT'S PREFACE

In keeping with the 1975 AEDS convention theme, “DISCOVERY: New Worlds of
Educational Data Systems,” | hope that the 13th Annual AEDS Convention, especially these
vonvention proceedings, will afford you the opportunity to make many discoveries of your
own.

As vou hknow, AEDS was founded to provide a forum for the exchange of ideas and
information about the relationship of modern technology to modern education. Our annual
conventions, consisting of informational and discussion sessions.and vendor exhibits, bring to-
gether hey people from education and computer technology. AEDS is proud to serve the
educational and technical communities in this capacity and will continue its efforts to increase
the knowledge and expertise of its members and friends.

This pubiication is the result of many hours of hard work and should be an excellent
supplement to the information received fiom attendance at the respective sessions. The papers
contained within the 1975 Proceedings have been compiled from many that were submitted
to our 1975 Program Committee. Each has been reviewed and refereed by a panel of persons
knowledgeable in the field of educational data systems, and was deemed acceptable for pres-
entation at this year's convention. AEDS is deeply grateful to each contributor for his or her
participation on the 1975 program. It is the Association’s desire that this collection of original
papers will serve to promote and advance the understanding of educational data processing
within the educational community and that this publication will be of assistance to you as
a valuable reference guide for years to come.

JAMES AUGUSTINE, JR.
President




EDITOR’S PREFACE

This is the first AEDS convention for which we have had a truly extensive effort in

soliciting papers from a broad spectrum of the educational data systems community. You have

in these proceedings the selected, excellent responses to our solicitation. We all owe many thanks
to the authors who prepared these papers for consideration. On AEDS’ behalf | should like to
extend particular thanks to the reviewers/referees of these papers: G. Ernest Anderson, University
of Massachusetts; Paul A. Bartolomeo, Rhode Island Junior College; Richard A. Bassler, American
University; Jacqueline M. Cline, Georgia State University; George W. Gorsline, Virginia Polytechnic
Institute and State University; Donald D. Horner, Fairfax County (Virginia) Schools; Barbara L.
Kurshan, Salem (Virginia) Community School; James Mitchell, lowa Department of Public
Education; John E. Odom, Mankato State College; Charles K. Rice, Value Engineering; Simeon P.
Taylor, NEA; and Carlton Hayes Willis, North Carolina Board of Education.

AEDS is also greatly indebted to Steven M. Raucher, through whom we received the IBM
grant which made these proceedings possible, and to Michael ). Healy, who provided invaluable
technical advice for the actual printing and publication of the proceedings. 1 should like to extend
my personal appreciation to Gail J. Connelly and Mary A. Horton for their secretarial assistance
and especially to Norinne H. Fitzgibbon, AEDS Publication Chairperson, and Charles D.Miller,
1975 Convention Coordinator, for their invaluable support.

DUFF GREEN, 11l
Proceedings Editor and
Convention Program Chairperson
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COMPUTER APPLICATIONS IN SECONDARY EDUCATION

Arthur L. Korotkin, Ph.D.
Director. Communications Research

William J. Bukoski, Ph.D.
Research Scientist
Project Director

American Institutes for Research
3301 New Mexico Avenue, N.W.
Washington, D.C., U.S.A. 20016

1. INTRODUCTION

in 1970 the American Institutes for Research,
under the sponsorship of the National Science
Foundation, completed the first comprehensive
survey of computer use in the public seccndary
schools of the United States (Darby, 1970).
Until the publication of this study in 1970 only
sketchy data were available regarding the extent
and type of use of computers in secondary schools
{Goodlad, 1966 and Bangs, 1970). The. data

from the American Institutes for Research study
was published in r@port and book form.

Since the publication of these earlier data, a
virtual void has again developed with regard to
current information corcern:ing computer appli-
cation in secondary schools. Responding to this
need once again, the National Science Foundation
has awarded a grant to the American Institutes
for Research to conduct a follow-up study of
computer activities in secondary schools to be
conducted during 1974-1975 with a June 1975
completion date. The major thrust will once
again be to:

(1) Assess the extent and nature of current
computer use in secondary schools with
particular emphasis on instructional
applications.

(2) Examine and report on selected computer
applications which appear to be particu-
larly noteworthy as current examples of
the state-of-the-art.

In addition to replicating and updating the
previous information, the current study will
also undertake to:

(1) Establish some basis for assessing recent
trends in computer use (comparing current
data with the previous study).

(2) Derive some projections regarding future
growth on the basis of the two studies.

(3) Perform some indepth follow-up in those
schools where interviews were conducted
in the previous study in order to obtain
some longitudinal case studies regarding
the implementation and institutionaliza-
tion of computer applications. Such data
will be particularly useful in identifying

what problems might be associated with
implementing computer applications in .
secondary schools.

(4) Assess the current status and future of
computer-based education in the secondary
schools as viewed by domestic computer
(main frame) manufacturers.

2. PROCEDURE

The data will be collected in a five-step process
involving primarily mail surveys and telephone
interviews.

(1) A questionnaire was mailed to a 25% random
sample of the secondary schools in the
United States. A secondary school was de~-
fined as any school having any of the grades
9 through 12. Questionnaires were sent to
approximately 6,000 schools.

(2) A questionnaire was mailed to every American
computer manufacturer. A total of approxi-
mately 80 surveys were distributed.

(3) Telephone surveys will be conducted with
25 schools to amplify data collected in the
mail questionnaire and to obtain detailed
information from schools having exemplary
programs of particular interest or impact.

(8) Telephone interviews will be conducted with
10 selected schools visited in the 1969-1970
survey.
nature to assess changes which occurred to
that program since the 1969-1970 survey.

(5) Non-respondent interviews will be conducted
by telephone with 100 schools which did not
respond to the school survey. The inter-
views will be conducted to determine if the
non-respondent sample was in fact similar
to the respondent sample or if some bias
may have been operating.

3. _RESULTS

Though data collection from all sources--school
questionnaire, computer manufacturer's survey,

10
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the amplification study, and the longitudinal
study--is currently underway, only preliminary
findings concerning the cchool survey can be re-
ported at this time. With an approximate return
of 43 percent of the school questionnaires, 52.7
percent of the schools responding were using a
computer to assist either in the administration
of the school or in direct support of the in-
structional program, while 47.3 percent of ihe
schools responding were non-users. Adminis a-
tive uses of the computer included resource
management, planning, payroll, personnel
records, student accounting (attendance, report
cards, schedules), and research/evaluation of
teaching methods and curricylum, Instructional
applications of the computer included computer
assisted instruction, using the computer as a
computational (Math, Science), teaching com-
puter science or computer literacy, gaming and
stimulation, computer manraged instruction, and
using the computer in academic and vocational
counseling,

In comparing the preliminary data from: the cur-
rent study with the results of the 1970 school
survey (Figure 1) we find that the yse of
computers at the secondary school Jevel has in-
creased substantially. 1In 1970, 34.4 percent
of the schools surveyed were using the computer
for administrative and/or instructional uses
while in 1974, 52.7 percent of the secondary
schools participating in the project have some
computer application. Of interest is that the
growth of computer use at the secondary school
level has resulted because of an 8 percent
increase in schools using the computer only for
administrative purposes, and a 9.7 percent
increase in the number of schools using the
computer for both administrative and instruc-
tional uses. Schools usirg the computer
strictly for instructional purposes increased
by 0.6 percent. Since school computer yse is
primarily locally funded, it appears that the
growth of computers in secondary educatien

is highly related to the demonstrated benefits
that the investment will bring to the school

or school system.

When compiled the study will provide data which
will:

(1) oOescribe the extent, nature, and purpose
of computers in secondary schools; as
well as the sources of support, extent
of previous use, and plans for future
use of computers.

(2) Compare the 1970 and 1974 surveys regard-
ing extent and type of use.

(3) Oescribe problems encountered in the
implementation and institutionalization
of educational computer innovations.

(8) Project estimates of future computer use
and trends as reflected in the data to
date.

Figure 1:
Secondary School Survey:
Preliminary Findings and Comparisons

1970 1975
Secondary Schools
Using Computers 34.4% 52.7%
Administrative
Only 21.5% 29.5%
Instructional
Only 3.9% 4.5%
Both Admini-
strative and
Instructional 9.0% 18.7%
Non Users 65. 6% 47.3%
100.0% 100.0%

4. REFERENCES
(1] Bangs, F. K, and Hillestad, M. C. (1970).

"Automated Oata Processing for Education-
urciculur Implications.” Detroit: Manage-

ment Information Services.

(2] Qarby, C. A., Korotkin, A. L., and Romashko,
© T.(1970). “Survey of Computing Activities
in Secondary Schools. " Washington, D.C.

American Institues for Research. R70-13.

(3] Goodlad, J. 1., 0'Toole, J. F., Jr., and
Tyler, L. L. (1966). "Computers and Infor-
mation Systems in Education.” New York:
Harcourt, Brace & World, Inc.
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EQUALIZING INSTRUCTIONAL COMPUTING
ON A STATEWIDE BASIS
M. Kenneth E. Brumbaugh
State Instructional Coordinator
Minnesota Educational Computing Consortium
Many challenging, innovative, and worthwhile which use the services.
ways of using the computer as an instructional
tool have heen developed in recent years. However, 2) The funding of commurications facilities
only those who are fortunate enough to live 1n the shall be .hrough a direct state appropri-
right location or who are associated with the ation of funds for that purpose.
correct institution have the opportunity to access
computer systems focr instructional purposes. Local 3) The policy direct.on and qovernance of the
and regional computer networks are being created in consortium will be urder the contrel of
many states and have bequn to serve users from the users.
broader geographical locations. The State of
Minnesota has established an organization, the 4) The needs for services will be defined Ly
Mipresota Educational Cumputing Consortium (MECC), the users thrauah the member systems.
whose function includes ~qualizing instructional
computing capabilities far all levels of education %) Accountabilitv to state aqovernment and to
in the State. An overview of what MECC is and what the 2ublic will be maintained through bi-
MECC has been doing will be presented in this paper. ennial reports to the Government and
Legislature through the HECC, the State
Minnesota, the twelf'th largest state in Board of Education, and State Information
geographical size, is an 2ducational leader in many Systems Advisory Committee and ty means
areas including educational usage of computers. of the three directors apoointed bLy the
Such leadership can be documented by the fact that Government and Legislature.
Minnesotans spend $804/p:pil unit/year on schools
that have an average pupil/faculty ratio of 17.8, 6) The consortium must be organized and func-
and that on any given da-s have 95 percent of all tion so as to maintain and increase the
students present.! Suppnrt for an instructional overall computina competence of the
computing network comes “rom the entire educational educational institutions and svstems.
spectrum, from classroom teachers to the State
Commissioner of Educatioy, !ir. Howard Casmey. 7) TYhe specific instructional, research, and
Mr. Casmey was one of th: keynote speakers at the administrative needs will be defined by
1974 HAUCAL convention where he presented the the systems and must be accommodated by
Minnesota plan as a mode: for the delivery of the consortium,
instructional computing ~ervices. The history and
development of MECC will not be dctailed here, £) The administrative overhead assoc-ated with
except to note that MECC is an organfization created the consoritum Should be as limited as
by “ive State agencies arcording to the rules of possible. consistent with needs for effec-
the "innesota Joint Povers Act M.S. 471.59. The tive planning and careful management of
five Minnesota agencies are: the Department of limited resources.
Administration, the Department of Education, the
University of Minresota, the State Colleges, and 9) In general, the service responsibilities to
the Community Colieae Systenm. be exercised by “ECC will be limited to
qgeneral-purpose connuting.
Principles of Orqar“zation and Operation 11) o educationa’ use" of combuter services
and/or facilities shall receive, as a

There are a number . € basic principles of
organization and operati-n which, in essence,
represent a “constitutioral basis" for the joint
powers agreement. Among the principles are the
following: °

1) The funding 0 services provided by MECC
shall be through the member systems

result of joininq tre proposed consortium,
less service or lecs acdequate service than
needed and previously available through
institutional and System resources.
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Respensibilities Delegated to MECC

The member systems of the joint powers

' agreement :ollectively have delegated certain

powers and responsibilities to MECC which enable
MECC to better respond to Minnesota compdting
needs as defined by the individual educational
systems. A partial list of responsibilities

is given:

1) Review, coordinate and consolidate
proposed biennial computing budgats
of the individual member systemc.

2) Provide computing services related
to the development of educaticral
conputing for the member systeus
including: the review and approval
of the acquisition of general purpose
computing equipment and Systems;
establistment cf technical standards,
including communiications; engineering
and maintenance of computer facilities;
training and consultation services;
software development and mainterance.

3) Provide fiscal management of computers
on behalf of individual systems of
education. *

4) Own, lease and operate computer systems.
In general, the responsibility by MECC
to operate computer systems will apply
to all new systems; that is, to those
which are acquired after MECC is
establiched. For existing computer
systems, including the ownership or lease-
ing of the equipment thereof; the member
could also continue to operate the
cggguter system, under a contract with
M .

5) Develop long-range plans for computer
system hardware, software and services,
and for the continued monitoring,
modification, and updating of those plans
in accordance with changes in technology
and in the needs of member systems.

MECC ORGANIZATIONAL STRUCTURE

MECC has been organized into a structure that
has staffed three major divisions, they are:
Instructiona’i Services, Management Information
Services, and Special Projects. The Instructional
Services Di.ision has the responsibility of
providing and coordinating instructional computing
capability within the member agencies of MECC.

The Management Information Services and Special
Projects activities will not be presented in this
paper, however, additional information can be
obtained by contacting the MECC office, 1925 Sather
Street, St. Paul, Mirnesota 55113.

Instructional Timesharing in Minnesota

The MECC instructional timesharing systems
serve school districts representing 84 percent of
the total school enrollment {n the State during
1973-75. Enrollment in districts located outside
of the Minneapolis - St. Paul metiopolitan area
made up only 14 percent of all stydents having
access to instructional timesharing in 1973-74
(prior to the creation of MECC), compared to 46
percent in 1974-75 (the first year of MECC). As
shown in Table 1., the instructional use of compu-
ters in Minnesota has switched very dramatically
from a predominately metropolitan area base to an
evenly distributed statewide base. Table 1. ex-
hibits the numbers of students enrolled in school
districts having access to instructional timeshar-
11g systems in the 1974-75 school year, as
contrasted to 1973-74.

tadle 1.

ACCESS 10
INSTRUCTIONAL COPUTER 1S260 1IN MIEKTSOTA
CLIMAIARY, SLCCDARY, ALD VLCATIONEL SCHtse

192478 192475 197379
Pulli¢ Serwe) Pubae Scren) Fublic Senool

rice terodteent Cerolirent torallinent

Pegron t0tals Totals+" Totals*
1 ez 62.377 8,496
1 70,039 62.192 8.070
i 98,441 69.968 3.082
1 10,490 £1,.499 .09
¥ M. 85.563 38,160
Yetro 399,75% 195.40 306010
ni 61,023 122.070 8oy

. Al) enrclivent figures are taten fron the Kinncsota [ducational
Otrectory. 1573742

o In 2choot drstricts Mving access to instructiona) tiresharing
Cacitatyes.

Timesharing Services Provided hy MECC

The instructional timesharing services offer-
ed by MECC can be grouped into the following four
areas: 1) people; 2) hardware; 3) software
supports; 4) communications.

People: The most important seirvice that HECC can
offer to timesharing users throughout the State is
personal response to problems generated by users,
The people component of MECC's Instructional
Services Division can best be considered as: 1)
regional coordinators, 2) support services person-
nel, 3) operatfons staff.

« 13
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In order to facilitate the implementation
of computer technology in the classroom, MECC has
assigned seven regional coordinators to field
offices located throughout the State. The seven
MECC regions are illustrated on Figure 1.

Figure 1.  MECC REGIONS

The responsibilities of the regional coordinators
vary daily from assisting new users signing on the
system for the first time to conducting exten-
sive workshops in the development of curriculum
materials that use the computer as an integral
part of the inStructional approach. The second
major category for which users can obtain
service from MECC is in the area of software and
educational support materials. Responsibilities
for the personnel working in Support Services
include management of system libraries and the
writing and distribution of newsletters and
instructional materials designed to support
instructional computer usage. GCuring 1974-75
MECC 1is using various corputer s;stems to form
the delivery system for timesharing service and
is currently purchasing a Univac 1110 system for
use in 1975-76. Thus, the operation staff this
year is comprised of per-onnel from the various
computer centers, but in early 1975, MECC will
be employing its own operations staff.

Hardware: During the 1974-75 school year MECC
member school districts are accessing one or more
of the following computer systems for instruc-
tional timesharing: a Control Data Corpora-

tion 6400, Hewlett-Packard 2000 Series computers,
a Digital Equipment Corporation PDP-8, or a UNIVAC
1106. Over 800 terminals are located throughout
the State and access one of 460 available ports on
the computer systems. Table 2 1ists the number of
ports that are available on the MECC supported
systems and where these computers are housed.

In addition to computer hardware, schools need
terminal hardware. MECC, uSing a statewide purchas-
ing agreement, is assisting schools with the purchase
and maintenance of this equipment. Over twc hundred
teletypes have been purchased through MECC by educa-
tional institutions in the State this year. Approx-
imately $200 per teletype can be saved by Minnesota
educati nal institutions if they purchase their
equipment through the statewide contract established
by MECC.

Tadle 2.

197475 MECC Supported Co=puter Systems

CPERATING TYPE OF NIER OF
INSTITOTION EQuipyEnT PORTS
Pankito State College® UKILAC-11C6 a
Hinreapolis Fublic Schosls H ps2000C* k4
University of Pirncsota®® €0C-6800 256

St. Jorn*s College 119+ 200CF 17
TIES HeP+20C0C" 96
TIES HeP 200066 32

* _ Ooerated by luankato State for the Scuthern Firresota School

Corputer Project schools
** Forzerly called MIRITSS

Beniejt Szate CoTlege P8 3
*** Cperated by TIES for TIES reslar schlols only
|
|
J
|
|
|
1
‘

Software: It is a goal of the InStructional
Services Division of MECC to support users by making
available to them an extensive library of materials.
These materials, most of which are commercially
prepared, are available either on loan or at cost.
The type of materials kept in stock ranges from
programming manuals to instructional packets that
assist teachers in using specific computer programs
common to the MECC supported computer systems in

the State of Minnesota.

MECC personnel are constantly updating the support
software by ordering new materials requested by
users, and by seeking and converting programs used
by other inStructional computer systems throughout
the nation. MECC users are ket in touch with all
the developments of MECC via monthly newsletters
distributed throughout the State.

Communications: Establishing a cost effective
communications network to the various computer sys-
tems is an extremely important factor in making the
MECC statewide computer network function, particu-
larly for outstate users. Forty-five participating
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school districts are within the free-dialing area
of the computer system they access. This leaves
198 school districts for which MECC had to es-
tablish communication capability. This was
accomplished by one of three metheds: the
installation of foreign exchange telephone lines,
the purchase of In-WATS telephone numbers, or by
the purchasing of Multiplexors. Forty additional
school districts are within the free-calling area
of the thirteen multiplexors placed throughout
the State. Foreign exchange ielephone lines were

Summary

MECC has been created to serve the general
needs for instructional timesharing and administra-
tive service in addition to statewide needs for:

1) computing power, 2) prevention of computer
proliferation, 3) cooperation between various levels
of education, and 4) equalization of opportunity.
An attempt to meet these needs has been undertaken
by MECC and an innovative, exciting, andactive

installed between many communities and this project is underway in Minnesota.

enabled another 114 school districts to make free
telephone calls to the multiplexors. Finally,
forty-four school districts were given telephone
In-WATS capability and this brings the number of
total school districts being served by MECC in
1974-75 to 243.

Cost of Instructional Timesharing

A1l Minnesota school districts desiring
access to a MECC instructional timesharing computer
during the 1974-75 school year were accommodated.
The cost for this service depends mainly on two
factors: the total enrollment in the school
district and the number of connect hours to the
computer. The following six steps outline how the
cost to the particular district is calculated:

1) Participating schools have been given
2 $5.60 per student credit to be used
for instructional computing time.

2) Computer costs are figured to be
approximatety $2.00 per connect hour.
The subsidy in No. 1 can be used to
pay 3/4 (51.50) of the cost. The
district must pay for the remaining
$.50. So, the total subsidy divided
by $1.50 yields the number of subsi-
dized connect hours for the school
districts.

3) The number of HOURS OF SIBSIDY mul-
tiplied by $.50 is the school
district's minimum cost for computer
time.

4) As per the requirement of the legislation
that established MECC, a 10 percent
surcharge is added to No. 3 above to
give the TOTAL MINIMUM CHARGE.

5) For each hour over the SUBSIDiZED
HOURS the cost to districts is $.75
plus the 10% surcharge.

6) After a district uses and pays $.75/hr.
for a number of hours equal to the
number of subsidized hours (see No. 2
above) no additional charge is made and
unlimited use is available.
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THE COMPUTER INDUSTRY'S .
SOCIAL RESPONSIBILITY TO EDUCATION

Richard A. Bassler, PhD, CDP, CDE

THE AMERICAN UNIVERSITY
Washington, D.C.

In the quarter century since the advent
of the commercially practical computer, the
whirlwind pace of technological development
and expansion has been increasing. Except
for IBM, most companies involved in manu-
facturing and marketing computers and re-
lated products and services have been con-
centrating on survival. In fact, several
years ago, RCA and GE, two giants in the
industrial world, found the going too rough
in the computer field and abandoned their
position in general purpose computer pro-
duction. Many of the others, especially
the smaller companies without strong finan-
cial positions, have been concerned with
simply staying in business and very few of
them even thought about social responsibil-
ity.

In the winter of 1973-1974, the author
surveyed a number of top executives in the
computer field, and asked searching ques-
tions. Of 104 companies queried, 54 re-
sponded. Based on the annual sales of the
respondents and those of the total indus-
try, the response represented 92.4 percent
of the industry, with only 7.6 percent not
responding. This paper concerns itself

with the responses to one of these questions.

It hopefully illuminates some of the little
known areas with regard to the emerging com-
puter industry's concerns. It examines and
evaluates the top executives' thinking and
actions about their social responsibilities,
especially towards education. The question
upon which this paper is based is:

Do you think chat corporations within the
United States computer industry, as signif-
icant users of the products, the graduates,
of our universities and colleges, should
have a social responsibility in absorbing
some part of the cost of producing this
output? If so, why? If not, why not?

This question brought a good response.
A few of the respondents avoided the ques-
tion for various reasons, but the majority
demonstrated an admirable approach to the
subject,

Proponents of Direct Contributions

Some of the affirmative responses are
partially quoted below. A smaller company
had this to say:

. . . American business does have some
amount of social responsibility, and this
responsibility increases exponentially with
gize of revenue and profit. The larger a
company becomes, the more responsibilty it
has to the community and general economy.
Basic business decisions by large corpora-
tions cannot be made without a least con-
sidering* the overall public good although ;
not to the extent that it might endanger
sound business principles and profitability.

In an internal corporate publication,
one of the larger companies on the fringes
of the computer industry describes its ra- |
tionale on the company's educational aid |
program. The document, in part, says: |

More than ever before, the nation's public

and private colleges and universities must |
look to private sources for a substantial ’
portion of the funds they need to maintain |
instructional programs and their physical

plants.

In that light . . . . its educational aid
program . . . in the mid-1970's, exceeded

$3 million a year and benefitted hundreds

of institutions of higher education.

It is a story of a company that recognizes
its need and that of society for the tal-
ents and skills of the graduates of these
institutions . . .

’ Another company, which does not operate
exclusively within the bounds of the com-
puter industry, has a strong feeling about
obligations to higher education.

Although your interest is specifically with-
in the computer industry and we operate in
several other industries, I feel that it is
important to state that all of industry has
a responsibility to support the cost of
higher education. Business and higher edu-
cation are interdependent. Business is an
important source of support for our univer-
sities and, conversely, business relies on
the universities for trained leadership and
growth of knowledge on whizh technology and
innovation depend.

¥ The italicizing of quoted material

from survey responses was added by the
author.
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Another company, operating almost exclu-
sively within the computer industry, feels
that its support should not be restricted to
the computer industry. This company's pres-
ident also feels that corporations z:s¢ sup-
porting higher education through the taxes
they pay to the federal and local govern-
ments.

A number of larger companie$ have been
giving to education for many years. Some
have established patterns of giving, as well
as vehicles, for the distribution, thus:

. « . it has a social responsibility to
support higher education. In 1964 the

« + + Foundation was chartered to focus
such support on four-year colleges and
universities, with emphasis on engineer-
ing and related scieatific education.

Suppert exclusively to the computer el-
ement of education is not envisioned by one
corporate president who wrote, "Yes. Tais is
2 normal corporare reaponsibdility in &ll areas, not
Just comucers.” Another corporate officer
felt that the support of higher education
was part of the community responsibility
and should apply to all acadenic areas and
not be limited to computer-oriented
disciplines.

This broader based support concept is
further supported by a vice president of one
of the larger companies:

All major U.S. corporations, regardless of
whether they are part of the computer in-
formation systems industry, provide finan-
cial support to higher education, in the
form of contributions to operating budgets,
building programs, and scholarships and fel-
lowship programs. Thzse contributions re-
Sleet the i conisizccion of corporations
thit they azve & rusronsibility to support
higrer cducasion bezauze )t its vital im-
roriance to tne well-teing o this councry
ara ot stmply becaace 2olleges and univer-
sicies are 1 source 37 parsommel for such
sompanies. It goes without saying that

. « . Corporation is fully committed to
this philosophy.

One response in particular recognizes
the significant user element as a reason for
helping to pay for the end product. This
manager of educational relations said:

Yes, the company does perceive a responsi-
bility (beyond that portion of its taxes
which go to public institutions in the
states in which we operate). We recognize
the cost pressures on higher education,
and as a significant "user” of their prod-
uct expect to help alleviate a small por-
tion of those pressures.

A much smaller company, less than a dec-
ade old, with annual revenues less than $20
million, has some strong regional loyalties
as well as recognition of only a small sec-
tor of the educational community. The pres-
ident of the company said:

Yes, but here in . . . we definitely re-
stricc our corporate thinking and action
to the privately supported universities,

and essentially only at the graduate

level. Why? Because the private insti-
tution can generally cover about half its
cost through tuition and fees; the other
half must come from outside sources, par-
ticularly those sources which use the "prod-
uct” of that institutiom.

As for assuming responsibility for
identifying with the computer segment of
the educational process, one respondent
took this view:

We think corporations, including our own,
have a social responsibility for support to
education dut not necessarily on a quid pro
quo basts.

Related to the quid pro quo position tak-
en above, one director of civic affairs had
this to say:

We initiate training programs for specific
skills in which w2 expact to employ the
pevple invoivel. The question of our assum-
ing this same relationship where we have no
direct input into the initiation of the
courses involved is another matter. It is
not customery to assume responsibilities in
matters over which you have no control or
basic involvement. We are, of course, a major
taxpayer, currently assisting in the support
of state institutions.

Most of the answers in the responses
above werec from proponents of direct contri-
butions and were from companies which were
established in other fields before the ad-
vent of the computer, or which derive a sig-
nificant portion of their profitability from
non-computer-related fields.

Preclusions to Direct Contributions

As might have been expected, a number
of responses indicated that the companies
had not been able to consider the questions
of social responsibility because their at-
tention is focused on the problems of fin-
ancial survival. The newness of the com-
puter industry and its volatile and dynamic
marketplace, coupled with the minimal fin-
ancing of many of the newcomers to the in-
dustry, have created the financial problems.

Comments reflecting the relationships
of profitability to philanthropic ability
are included here. One company, with an
eight-figure loss accumulated in recent
years, explained its position:

Actually, . . . has never been in a profit
positicn where it could consider more than
nominal support of educational — or for
that matter any discretionary — causes.
The company had amassed a retained deficit
of . . . at the conclusion of fiscal 1972,
and thus our primary concern nas been mere
avival.

Fiscal responsibility to creditors, to
say nothing about shareholders, is the theme
of the next observation by a vice president
of another company with a past record of fi-
nancial difficulties.

Alcthough many of us personally feel tnat
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suen supporc would be beneficial, . . .

is in no financial position to ever con-
sider the subject. Nothing would please
our management and Board of Directors more
than to have rhe lurury of Jiastriiucing our
cxeess rrofics oo worthy endzavors.  How-
ever, we have just rebounded from two very
bad years of operatiomns, and our creditors
may not consiser such donations to be good
bustness judgment.

Another new company, but without the
serious financial problems of the two just
mentioned, is concerned with the problems
of keeping the company going on an orderly
basis. This company's president observed
that: "Considering the fact that we are a
new company, it would not be feasibile that
we donate to any educational institution
monies that we need and presently need in
our cash flow."

There is a desire to support higher
education, but the means to do so are not
presently available, according to two other
responses. In one of the letters, the
corporate personnel manager says:

To date . . growth had required a 'hand

to mouth' cash flow. Therefore, since our
inception approximately five years ago, we
have found ourselves unable to utilize funds
for philanthropic purposes of amy sort. As
we come into our own, I fully expect to es-
tablish a pattern of donations to such
causes and institutions as consistent with
our management's philosophy. The develop-
ment of this plan has not yet begun.

The other letter states:

We do not believe that we at . . . have a
social responsibility in absorbing the cost
of training compuater professionals at this
time. 1 say this because at this time we

do not have the financial means to support
such programs. I believe this condition is
true of most all the firms presently in the
computer industry other than the larger com-
panies (IBM, Honeywell, Control Data, Univac,
Digital Equipment) in the industry. . . .
smaller companies, such as . . ., are always
in need of financing and, thus, not able to
support worthwhile individuals in the social
area.

The transfer of responsibility to the
larger and presumably more profitable com-
panies is the tone of another letter. The
vice president does not deny the desirabil-
ity of involvement, but simply suggests
that philanthropy be embraced by the larger
companies only. He says that his company
probably should be involved but, as a matter
of fact, is not.

Opponents to Direct Contributions

A relatively small number of the re-
spondents took the position that their
companies and the other companies
in the computer industry should not assume
any responsibility for education. Their
views were expressed unequivocally in con-
cise terms. One response is especially
emphatic:

No! [The] Company should pay market value
for work done. Graduates should pay for
their 'value enhancement' out of, say, 10%
of their wages until cost of cducation
(plus interest) is recovered. . . . My own
experience proves it. There are many du-
ties of the corporation as a good citizen.
But you must guard against corporate "'so-
cial vesyonsibilities' corrupting the in-
stitution in such a way as to weaken it in
performing it's [sic] far more noble and
beautiful roles in creating customers, jobs,
and profits.

A similar view was taken in another
response in which the company president
said, "I pay as part of the salary I pay
for college graduates." He also commented
that "Contributions do not add to profit
and therefore work against this plan."

thinks students and states should.
Corporations are already overburdened,"
said another respondent, a vice president
of a company claimed by him to be too small
tc be considered in this survey.

Two other responses have generally the
same tone. One says, 'No! The responsibil-
ity and mission of corporations is to pro-
duce goods and services! Not Graduates."

The second says, “No! As taxpayers we
all (corporations and individuals) support
education. I don't think universities
should train 'products' for industry and
industry shouldn't ‘order' people produced.

Not favoring direct support by the mem-
bers of the industry, the next two respon-
dents suggest support from government and
from the entire United States population,
respectively. Their comments are partially
quoted as follows:

"NO,

. . 1 do feel that higher education is
best served by direct government support or
self-funding. Corporations should fund higher
education insofar as their best interests are
affected.

* k %
1 think that it is the responsibility of the
entire United States population to support
our colleges and universities and, indeed,
all of the educational facilities within the
country. I do not think that the computer
industry should be singled cut as a special
(albeit significant) user of this rescurce.
It is the entire country that benefits from
education and the entire country should
support it.

Arguments that the stockholders would
oppose an expenditure for higher education
were limited. One letter states, ''No, the
stockholders would never agree that this is
the proper conduit for getting appropriate
monies from one place to another.” Another
viewpoint reveals the attitudes and inter-
ests of the stockholders:

Until two years ago, our company did not
have a formal budget plan concerning corpo-
rate gifts. It was Mr. . .'s philosophy
at that time that public corporations should
not be in the position of giving away what
properly belonged to the shareholders. 1
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would also say that this philosophy was
molded by the fact that he personally gave,
and continues to, a great deal of his re-
sources through his own philanthropy . . . .
a formal program has now been established
with the primary giving going to organiza-
tions in support of the greater . . . area.

Summary and Analysis of Responses

Over half of the respondents are exer-
cising their social responsibility as con-
tributors to higher education. While deny-
ing social responsibility, another respon-
dent gave this opinion:

I don't think that the corporatioms in this
case have a social responsibility, but I do
betieve that trey have a very valid quid
pre quo interest in maintaining a strong
academic discipline in computer sciences.
This would lead me to comment that for
those corrorations in the computer busi-
ness, surport of tnis academic area should
have a high priority on the list of aca-
demic aiscirlines to be supported through
the corporate contributions effort.

Only 16.77% of the respondents took the nega-
tive position. Theic¢ reactions were stadted
emphatically. Some responses were So
couched in doubletalk that it was exceed-
ingly difficult to place them in a suitable
category. The relationships of the re-
sponses are shown in Table 1.

TABLE 1

ANALYSIS OF RESPONSES
TO SURVEY QUESTION ONE

Number Percent

Yes, do have responsibility and
do provide support . . . . . . . . . 19 35.2

Yes, have some responsibilicy . . . 9 16.7

Have not thought about it because

Conclusions

The computer-related industry is not
very different from the rest of American
industry and business with respect to phil-
anchropy. Having long-established patterns
of giving, the major companies generally
provide assistance to education in the same
proportion each year. In some cases, the
pattern of giving is modified to conform
with changing demands. Three of the lar-
gest organizations are often responsive to
federal spending and are more likely than
not to change contributions to higher edu-
cation as required. The consensus seems
to be that the total amount to be donated
would remain essentially the same. Only
the distribution of funds would reflect a
modified pattern of giving.

The overall picture of social respon-
sibility to higher education within the
computer industry is affected by companies
operating on a marginal financial basis.
Formany of them, the impact of federal aid
to education and the rate of philanthropy
is at the bottom of any list of priorities.
For others, there is a lack of time and
personnel for researching the desirability
and practicality of possible philanthkrepic
programs to aid higher education.

Regardless of what the concept is
called, the idea of providing financial
assistance to institutions of higher edu-
cation makes good sense. Henry Ford,
quoted in a Fortune (May 1973) article
makes a distinction between social re-
sponsiveness and social responsibility.
"I think that they are quite different,"
he explains, 'We need to be socially
responsive without overdoing the social
responsibility — in the sense that we've
got to do something directly about the
deficit in the school system, for example."

of poor financial condition 6 11.1

No, very positively . . . . . . .. 7 12.9

No, but have an interest in

further consideration . . . . . . . 2 3.7

Too small to be concermed about

the problem . . . . . . < . . . .. 2 3.7

Not answered in tabulatable form . . _9 _16.7

54 100.0 -o-
o 10
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A Symposium sponsored by

The PLANIT User's Group

Chairman: David P. Yens, University of Delaware
Charles H. Frye

liocthwest Regional Educational
Laboratory

Participants:

Cecil Johnson
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Research Institute for the
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bavid P. Yens

Educational Services Consultant
and Assistant Professor

College of Education
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INTRODUCTION

PLANIT 1s a sophisticated, comprehensive,
and transportable computer assisted instruction
(CAI) author language that has been under devel-
opment for over nine years. PLANIT has been
installed at over 30 university, military, and
industrial locations. The purpose of the sympos-
1um 1S to provide information and discussion
concerning the features, implementation, and uses
of this powerful language that has been described
as one of the three scminal CAI systems in exis-
tence today. Yet, the most exciting feature of
PLANIT 1s that 1t can probaoly be installed on
your computer with relative ease.

The first presentation, by Charles Frye,
describes the capabilities of PLANIT and 1its past,
present, and future. Cecil Johnson will discuss
several implementations of PLANIT on military
computers. Current uses of PLANIT and several
examples of available courseware will be reported
by Franz Frederick. David Yens will be concerned
with research uses of PLANIT and the means of
evaluating courseware. Summaries of the presen-
tations are given below.
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*
A REPORT ON PLANIT, VERSION 3
Charles H. Frye

The development of the machine transportable
version of PLANIT (Programming Language for Inter-
active Teaching) was begun in 1968 under contract
to the National Science Foundation. PLANIT is an
instructional system consisting of an author
language and supporting computer programs for
preparing, editing and presenting any subject
matter suitable for individualized presentation to
students within the constraints of the communica-
tion equipment that is currently available. It
provides:

1. 7 wide range of authoring conveniences
for fast and efficient preparation of
lesson material

2. A comprehensive calculation utility
allowing both the author and student
to use a natural language to access
the computer

3. Necessary support features for time
shared presentation of the lessons to
students

4. Automatic collection of data and main-
tenance of progress records from
session to session.

Maximum portability has been a prime objective to
permit installation on a variety of different
computers with relative ease.

wWork on PLANIT has proceeded at the Northwest
Regional Education Laboratory since December,
1972, to develop a version of PLANIT which could
be regarded as a "production" version in that it
1s free from known errors and includes all neces-
sary support features for day-to-day computer
center operation. The current version 3 of PLANIT
has now been delivered which seems to meet these
requirements.

As an operational system, PLANIT contains far
more than just a facility for authoring and dis-
pensing CAI lesson scenarios. TIn fact, it 1s a
complete time sharing system specifically designed
for this particular application. It has run on

*

The PLANIT work 1s supported by NSF grant number
EPP73-07319 A04.
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computers which support no other time sharing
work. It has run along side of another time
sharing system i1n the same computer. And it has
run as a subordinate program to a time sharing
system as well. The procedures used for install-
1ng PLANIT permit a high degree of flexibility.
In addition to the expected conveniences for
preparing instructional materials, PLANIT offers
many other needed and/or desirable services, such
as:

. File management and several levels of
file protection

. Several options for enhancing continu-
ity from sess:ion to session

. Complete backup facility using mag-
netic tape
. Sophasticated error detection and auto-

matic recovery with minimym loss of
users' work

. Promptang aid always available at the
terminal at any reasonable requested
level of detail

. Automatic file handling on both disk
and tape for inexperienced users

. User accounting and billing
Operator comsole interface allowing
complete control of the system with
minmimal burden to the operator
Completely flexible overlay configu-
rations featuring "look-ahead," m-king
the system adaptable to available core
space while maintain:ing the fastest
possible response time.

The report examines the significance of three
major aspects of the PLANIT project: to the user,
to computing centers, and to programming technol-
cgy. The first, the sigmificance to the user, as
due *o at least four facts:

1. The PLANIT language 1s very easy to
learn imitially, requiring less than an
hour's orientation, but incorporates a
sufficiently large repertoire to allow
the user to increase his sophistication
gradually to very powerful capabilities.

2. The expense associated with installing
the system s low enough that it
usually does not require a major commit-
ment on the part of the computer center
and can oft~n be implemented at. the
request of a relatively small group of
the faculty.

3. A Users Group exists for PLANIT which
sponsors a quarterly newsletter to more
than 50 paid subscribers (at a subscrip=-
tion rate of only $6.00 per year),
aside from many more on their mailing
last.

4. PLANIT 1s operating or being installed
at more than 20 umiversities, several
computer corporations, and several
military installations, with the
latter proposing to expand to several
hundred systems. PLANIT lessons are
completely compatible among installa-
tions.

Secondly, the significance of the project to
computing centers is due mainly to:

1. The availability of time sharing instruc-
tional software capable of sophisti-
cated CAI applications at a trivial
initial cost which can be installed by
personnel who are normally available
within the center.

2. The adaptability of the system that will
accomodate to any reasonable operating
environment.

3. A system which is designed to add only
the minimum necessary burden to the
workload of the computer operator,
mainly the mounting of tapes when off
line backups are desired.

4. Complete automation of system features,
where possible, of such things as user
protection, error recovery, user ac-
counting and billing, etc., but alsc
allowing the operator to override these
features manually when necessary.

In the case of programming technology, the
PLANIT project is significant in that it provades
a model of the first fully-transportable time
shared operating system. It is one answer to
"everybody talking about transferability but
nobody doing much about it." The PLANIT systems
for all of the various installations (and most
major venders' products are involved) are gener-
ated from the same physical set of source code
statements, virtually guaranteeing full compat-
ib1lity. This truly permits an “unbundling" of
software costs from the expensive hardware.

Fanally, the report will describe the expect-
ed direction of future PLANIT efforts, with the
intent to expand the system to accomodate multi-
terminal communication for sophisticated simu=~
lations and game playing involving many players.
These kinds of CAI applications are still in their
infancy because of the scarcity of systems on
which to experiment. Military projects have taken
the lead in these areas with their man/machine
command and control systems but 1t is expected
that the technique can have a much broader appli-
cation.

Implementation of PLANIT at the
U. S. Army Research Institute

*
for the Behavioral Sciences
Cecil D. Johnson

This paper will describe the experience of
the Army Research Institute for the Behavioral and
Social Sciences (ARI) in installing, using, and
evaluating PLANIT as a CAI language in an Army
setting. Plans and aspirations ARI has for uti-
lizing PLANIT for both operational and research
applications will be provided to explain why ARI
has wanted to implement PLANIT. ARI interest in
PLANIT has been threefold: (1) as a laboratory

* The views expressed in this abstract are those
of the author and do not necessarily reflect
the views of the U. S. Army or of the Depart-
ment of Defense.




with a research mission i1n corputer assisted
instruction (CAI) with a goal of evaluating PLANIT
ttself; (2) to use PLANIT as a research tool
across the full range of the mission of ARI 1in the
behavioral sciences: 3 (3) to aid interested
momiers of the Army training establishment in
leveloping experience and competence in CAI.

It 1s hoped that the recounting of the
sroblems ARI had in achieving 1its pioneering
implementations will not deter anyone with a need
£>r PLANIT from attempting its installation. In
nv opinion, a man knowledgeable of the system
~oftware of any computer system with a FORTRAN
~omputer and a word lenjyth of at least 24 bits
should be able to install PLANIT in a week--1f he
nas the assistance of a programmer who has in-
stalled PLANIT on any computer, same or different.
Without such assistance the documentation for
installation s sufficiontly scanty as to require
a longer effort.

As the Army developing agency for training
and educational technol gy research, ARI has
participated in the dev-lopment and/or evalua%ion
«f several computer-based instructional systems.
Thus, ARI can view PLANIT from the perspective
that comes from having considered a variety of
solutions to many diverse training prob. ems.

ARI 1interest in PLANIT largely stems from:
(1) the relative ease of installation on computers
of widely different architecture, (1.e., 1its
Lransportability advantage); (2) 1ts easily
lcarned but powerful zuthor language; (3) the
rconory with which courseware can be produced; and
(4) the ease with which courseware that has been
produced (1.e., authored) on one kind of computer
can be executed by stud(nts or trainees (or
trained staff members with respect to proficiency
raintenance) on a quite different kind of computer
system. The clear cut iavantage of PLANIT over
all other CAI author languages on these four
dimensions made the possible superiority of other
languages with respect ty the cost of a student
tour of instruction, special terrinal features,
and/or graphics seem relatively unimportant for
many Army training applications.

Initially, the Michigan State University
varsior of PLANIT (a version developed from the
same starting point as was the Purdue/NSF PLANIT
version) was installed on the ARI CDC 3300 com-
puter. Many modifications were made, some because
the ARI computer, unlike the MSU CDC 6500 system,
had a very small core memory (1.e., 32K 24 bait
words), some because of the limited interactive
fcatures inherent in the executive system 1in use,
and many 1in an attempt to make PLANIT reflect the
original documentation without the constraints
that the MSU time sharing system has imposed on
some of them.

The second 1installation was on a tactical
*1vld data system. This installation involved the
coordination of courseware to be developed by the
S srems Development Corporation with software

nstallations by ARI personnel. Several diffi-
ilt1es were encountered that required field
modifications, but PLANIT was installed and run-
1 'ng by the target date. Because of some differ-
caces from the NSF/Purdue version of PLANIT, this
version was designated Vversion 1l.1.

.

e

ARI has research reports describing the
results of the initial experiment designed to sec
if effective CAI courseware could be installed on
a fiel. data system. It is sufficient for the
purpose of this paper to say that the CAI trained
groups were superior when the subject matter was
tactics or weapons but results were ambiquous for
the groups trained in high school level mathematics.
Overall, 1t could be safely said that an effactive
CAI system had been installed in a short time
frame on a tactical data system. The objective of
the ARI project had been achieved with positive
results,

- ARI also has a terminal equipped with a card
reader and printer and a number of CRT and tele-
typewriter terminals connected by dedicated
telephone lines to a Univac 1108 computer located
at Edgewood, Maryland. The computer aided (1i.e.,
interactive dialogue supported by a data base)
career counseling project is the primary ARI
application utilizing the 1108 computer during the
early fall of 1973. PLANIT has been demonstrated
at Fort Sill, Oklahoma; Fort Leavenworth, Kancas;
Fort Monroe, Virginia; and from the West Coast
using the Edgewood 1108 system.

ARI has conducted studies on the ease with
which PLANIT can be learncd. CAI lessons on
PLANIT were produced in the PLANIT 1.1 language
for use on a PLANIT controlled system. This
product was tested with research psychologists ind
military personnel. 1t appears that research
psychologist~ can become productive, but limited
authors, in about 10 hours of on-line 1instruction
and can complete the additional courseware covering
the more sophisticated, but less essent:ial, course-
ware in another 15 hours.

The Army has a family of field data systems
that have the same central processor, the Litton
3050 (or ANGYK-12). The compilers in general
differ for the different systems even though they
use the same central processor with differing
amounts of core memory, types of secondary memory
and configurations of peripherals.

The development of embedded training packades
(ETP's) for systems containing the L3050 would be
greatly facilitate.” if PLANIT could be inctalled
on each tactical data system. ARI has a project
underway to install a full power PLANIT on one of
these systems (i.e., TACFIRE) using an approach
which wi1ll permit the same executive system and
associated compiler to be used across all tactical
field data systems containing the L3050 computcr.

In November, 1974 ARI assembled a team to
install (in three days) PLANIT 2.5 on the CDC 6500
at Fort Leavenworth. One of the team had previous-
ly visited McMasters University to assist (for
less than a week) in the installation of PLANIT
2.5 on the CDC 6400 at that location--as prepara-
tion for the installation of PLANIT at Fort Leaven-
worth. It is anticipated that the ARI field unit
at Fort Leavenworth will make considerable research
use of PLANIT and that both the Command and Staff
College and the Combat Arms Concept Development
Activity at Fort Leavenworth 11l use PLANIT
respectively for teaching and for the examination:
of 1interactive :nformation systems requirements.

The ARI experience with implementation of
PLANIT has convinced many of us in ARI that PLANIT

-
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is a highly superio:, readily learned and econom~
1cally used, authoring language, 1is highly trans-
portable, and is a very practical CAI language for
use 1in accomplishing many Army applications.

CURRENT USES Ot PLANIT, COURSEWARE
AND COURSEWARE CONVERSIONS

by Franz J. Frederick

Because of a current lack of detailed infor-
mation concerning instructional uses of PLANIT and
PLANIT 1installations, the national PLANIT USER'S

"GROUP is preparing survey instruments to collect
these data.

The data to be collected for installations
deals with mainframe descriptions, numbers of
terminals in use, scheduler control, PLANIT
version 1in use, 1/0 rates, types of terminals,
parameterization values, and special modifications
in use Or anticipated. The data to be collected
for courseware includes content descriptors,
student level, objectives, prerequisite knowledge,
adjunct mater:als, lesson type categorization,
lesson description, yse of speciclized language
features such as WAIT, TIME, C:, computed GO 70,
RECYCLE, TEXT, etc., the number of characters per
line and lines per display (screen) allowed, and
any restrictions on the availability of the
lesson materials.

The lesson type categor:ies currently being
considered are: (1) question/answer series with
branching, (2) graphic or tabular constructions,
(3) learning games, (4) simulation, (5) automated
testing, (6) programs which learn (Al), (7) stu-
dent controlled sequences, (8) author training

materials, (9) conversational simulations and (10)

a catch-all category called "others*.

In spirte of detailed information it is known
that PLANIT has indeed been used successfully for
production CAI both here and abroad with a broad
range of subject matter. It 1S reasonable to say
that the primary use of PLANIT at many installa-
tions 1< that of experimentat:ion, lesson develop-
ment, and/or controlled research in learning.

Because of the richness of the PLANIT author
language and the PLANIT CALC language, some of
the current uses of PLANIT include: (1) conven-
tional CAI lesson pre.entation, (both linear and
branching), (2) generative CAl lessons, (3)
experimentation with CMI algorithms, (4) automated
testing, (5) simulations, (6) learning games, (7)
conversational simulations, (8) demonstrations of
basic examples of artificial intelligence, (9)
tabular graphics, (10} student-controlled se-
quencing.

Because of the general transportability of
PLANIT, considerable interest has been generated
1n using PLANIT at sites where other CAI languages
have previously been used. This was the case at
Purdue and in fact macerials had been designed or
acquired for five different languages. TheSe were
Coursewriter I, Coursewriter 111, PICLS, FOCAL,
and BASIC. An anlysis of these languages and
PLANIT revealed eleven levels of language conver-
<ion problems. These eleven levels reflected
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difficulties of implementation ranging from the
trivial to not possible through author code to
systems level conversion effort. The eleven
levels ranged from direct subsitution of one
operator for another to directly accessing host
computer system functions.

Overall estimations of time to convert a line
of author code were developed for several levels
of difficulty of conversion.

The various lessons converted ranged from 30
lines to about 1100 lines of author code. The
resulting conversions required PLANIT lessons
ranging from S to 35 frames in length.

Estimations of proportions of level of
conversion difficulty for a lesson by languages
were developed. Several features which could not
be converted were identified.

In the casc of PICLS lesson conversions, a
large number of lessons existed and an effort was
made to design a SNOBOL translator for PICLS to
PLANIT convers:ion. Generally the PICLS lessons
posed conversion problems which were about 60
percent trivial ar4 40 percent non-trivial.
translator conversions accomplished nearly 70
percent of the necessary code conversion leaving
only about 30 percent to be converted by hand.

The

If numbers of lessons in the same language
need to be converted the design and use of a
SNOBOL translator can be a very useful conversion
technique. The next several years should see many
lessons converted to PLANIT thus promotind a broad
scale sharing of usable CAI mater:als.

PLANIT: RESEARCH USES AND COURSEWARE

EVALUATION

David P. Yens
PLANIT 15 a cowputer assisted instruction

(CAI) system that brings powerful and exciting
opportunities to both the ¢ .rriculum developer
and the researcher who dou not have access to
special computer systems. For the instructional
developer, the capabilities of PLANIT provide
powerful tools for the preparation, evaluation,
and modification of the instructional content of a
program.

The method of curriculum development that is
recommended by many authorities for optimizing
learning s the systems approach which involves
the following steps:

1) Analysis of the learning task

2) Preparation of behavioral objectives .

3) Determination of content Sequencing

4) Construction of the program

5) Testinj of the program

6) Analysis of the results

7) Revisious if necessary; go back to step 4
8) Implementation of the program

Although PLANIT will not help with steps 1 and 2,
th2 author assistance features and extenusive stu-
dent records system will greatly facilitate the
remaining steps. The program‘tontent can be
changed in response to observed student per for-
mance characteristics, changes in the curriculum
field, or a desire to modify the course. Detailed
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evaluations of student performance at any point
in the course are encouraged by the records-keep-
ing and summarization capabilities of PLANIT.
This same process permits authors to evaluate
postcourse results in terms of specific perfor-
mances by students on relevant sections of the
computer-based material.

For the researcher, PLANIT provides precise
stimulus control and manipulation, complete
response recording, timing of responses, and
individualized modifications of stimulus pre-
sentation sequences based upon individual
responses. It also permits the random assignment
of students to different experimental conditions
that are administered via PLANIT.

The paper will describe several opportuni-
ties, advantages, and examples of using PLANIT for
research and for the evaluation of instructional
developments. Below is a brief summary of several
areas of concern.

PLANIT 1s designed to optimize computer-human
interactions. This would encompass such areas as
CAI, completion of employment questionnaires,
counselling interviews, vocational exploration and
testing, and on-line training. For all these
applications, it is important that the student or
user interpret the author's communications in some
desired way. For instructional use, the author
must 1nsure that the student learns the desired
information provided in each section of the
program. Formative evaluation procedures involve
the use of evaluation data to modify, revise, and
mmprove an instructional program during develop-
ment. With PLANIT, the author should have stu-
dents or users try out each section of the program
as it 1s developed. Student records data for each
student and summary data on all students for each
frame and concept can be analyzed to determine the
way users responded to each frame and/or asso-
ciated sets of frames. On-the-spot modifications
can be made to the program based on these data.
This evaluation-revision loop may be repeated as
many times as necessary to produce the desired
learning.

Once the course or program 1is complete,
summative evaluation procedures are used to deter-
mine the overall effectiveness. Both cognitive
and affective domains may be of interest. 1In
fact, several CAI programs administer a final
examination and an attitude questionnaire at the
end of a program so that all pertinent infor-
mation will be in the records file for each stu-
dent. Again, student records data can be used
to determine students' paths through the Srogram
to assess their performance on each frame or
segment. The results of the final evaluation
can be related to specific intra-program perfor-
mance characteristics and modifications may be
made again if required.

Several fundamental questions must be asked
before any courseware development takes place
using PLANIT. For example:

1) Is the use of the computer for the spe-
ci1fic application a valid one? Does 1t
provide instruction or perform some other
function that cannot be duplicated by
other methods with equal effectiveness at
lower cost?

2) Is the value or effectiveness of the
program worth the developmental and
operational costs?

3) Is the response time of the computer
terminal adequate to keep students inter-
ested? What is the desirable response
time for the content to be administered?

Several aspects of these questions and their
implications for the selection and use of PLANIT
will be discussed.

The research applications of PLANIT are
almost limitless. Different instructional strate-
gies can be incorporated into different versions
of a program and their relative effectiveness
compared. Many types of verbal learning studies,
from paired-associate learning to complex sentence
or paragraph learning, can be done with PLANIT.
Special types of studies in which changes in
stimulus materials are contingent upon student
responses are particularly well suited to this
medium. The measurement and control of response
tames by PLANIT makes possible many types of
research concerned with response latency; however,
this kind of research requires a computer which
can accurately measure terminal response times.

Research in which students are to be assigned
to different groups based upon some measurable
characteristic can be automated with PLANIT. The
prgram could administer the measurement instrument,
assign the student to the appropriate group, and
present the appropriate treatment.

PLANIT has a powerful calculation facilaity,
making research on mathematical variables attrac-
tive. For example, the difficulty of a mathematics
task could be adjusted to maintain the same appar-
ent difficulty for each student without regard to
mathematics ability or knowledge. Of course, an
infinite number of different types of arithmetic
problems could be randomly generated by PLANIT for
both research and instruction purposes. PLANIT
can sn.ve the problems and evaluate the students’
answers.

Brief examples of these ways in which the
computer has been used for research will be re-
viewed in the paper and the applicability of
PLANIT for future research will be discussed.

In summary, PLANIT has great potential for
instruction, research, and other uses requiring
interactive communication with people. Pretesting
of materials and their easy modification based
upon student records analysis by appropriate
evaluation methods 1s one of the major advantages
of PLANIT. If properly and conscientiously per=-
formed, the evaluation techniques will greatly
assist in the development of quality programs, and
1t will be on the basis of quality programs and
products that CAI and PLANIT will continue to grow
as a respected method of instruction and medium
for research.
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INDIVIDUALIZING EDUCATION THROUGH COMPUTER=-MANAGRD INSTRUCTION

Chairperson: Dennis W. Spuck
University of tisconsin - ‘ladison

Presenters: LCugene A. Collins and Dean C, Larsen
Jefferson County Public Schools,
Colorado

‘lorman E. Thomnson and Donald C. Holznaqel

*tinnesota School Districts Data Processing
Joint Roard

James lcMamara

“'isconsin Research and Develooment Center

Discussant: Ralph Van Dusseldorn
University of Iowa

Programs of individualized education have been imnlemented in a large number of the
nation's schools. Such programs focus on the individual needs of students and allow stu-
dents to nroqress at their own rate in accordance with their needs and abilities. In-
creasingly, too, students are able to make their oun decisions concerning objectives and
subject areas to be studied. It is evident, however, that nroarams aimed at individual-
izina education require nupil accountina and decision-making natterns which Aemand the
use 0f computers in instructional manaqenent.

Fach of the narticipants in this symnosium is currently involved in the development
of an interactive C!MI svstemn, desiqned to assist in student record keenina and to orovide
teachers with information to he used in nrescribing or quidinag the instructional orocess
in individualized nrograms. TFugene Collins and Dean Larsen will describe their exneri-
ences in buildinag a computer model of an existing instructional system from within a
school environment and will identify the advantaqge of an on-line annroach in reducing in-
terface problems which can exist between technical and user systems. Donald 'olznagel and
Norman Thomnson of TINS will nrovide information concerning their work on the Individual-
ized Learninag Activities (ILA) system, Develoonent of the '"iscongin Svstem for Instruc-
tional 'Manaaement ('JIS-SIM) will be described bv James ‘ic'lamara. In addition to a arneral
overview of cach of these three systems, the nresenters vill focus a nortion of their dis-
cussion on problems and concerns related to nrescrintive and grouning functions in CMI
systens, Such functions sunnly information to teachers to assist them in selecting annro-
priate cducational nxneriences and settinas for students enrolled in individualized in-
structional proaran-s,

The session will heqgin with an introduction to Computer-'fanaaced Instruction, present-

ed by the symnosium chairmerson. Followina the presentations, Ralnh Van Dusseldorn will
cormment on the mapers, and his comments will bhe followed hv open discussion,
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MANAGEMENT BY OBJECTIVES IN
DEVELOPING EDUCATIONAL DATA SYSTEMS

Edwin E. Blanks
Virginia Commonwealth University

The management of an urban university is
faced with many of the challenges facing sister
institutions of higher education. Located in the
heart of a metropolitan area with commuting stu-
dents, commuting faculty, scarcity of real estate,
a concrete campus, parVing headaches, and so on,
we find administrators constantly assessing
viable alternatives to insure organizational con-
tinuity and direction. Performance planning
along with the ubiquitous communication channels
are two important factirs affecting the inter-
action of the individual with the organizational
structure and conversely the organizational
structure with the individual. Management by
Objectives is not the ianacea for all university
wide administrative fuictions. With proper dir-
ection, adequate feecb:ck mechanisms, and exe-
cutive support the 480 Program simply will not
be just another wav <. control institutional
activities. [t will Lecome the formidable method
for the overall accomplishment of messhing spe-
cialized support funct ons into an influencial,
functional unit.

Why is management by objectives popular?
Are analogous management techniques or methods
of management (eplaced? 4What is the prime mis-
sion of the organization? These are simple ques-
tions on the surface. However, many administra-
tors left alone to determine guidelines, plans,
and propitious use of existing resources find it
a difficult task to develop workable answers to
the aforementioned questions. Hopefully this
paper will develop some understanding of the MBO
Program in developing fducational Data Systems,
highlight several barriers enccuntered in imple-
menting successful programs, and attempt to ans-
wer the previously mentioned questions.

There are many ove rwhelming reasons why a
new management program is unrealistic at any
level in the organizat snal herarchy. The num-
erous dairly pressures, the coordination of com-
ponent departments, anc deviations from the norm
make it difficult to practice the management
functions of planning. organizing, directing,
and coordinating. Alsc many managers possess the
inclination that MBO 1¢ only designed for the
‘top' management of an organization. Comparison
of several compames with successful MBO programs
has depicted the most effective application of
this approach is located in the ranks of middle
management. The secret of their success hinged

on the participation by both managers and subor-
dinate personnel in developing the program.

The term maragement by objectives is often
applied to just the organizations operating in a
dynamic environment where timely information
handling is re . nsive to both internal and exter-
nal needs. Also the term MBO may present a seman-
tic problem for some organizations and individuals
Objectives, qoals, plans, targets, recults, per-
formance appraisals are just several expressions
used interchangeably in the MBO context. Individ-
uals stressing absolut2 preciseness in establish-
ing and defining objectives detect a fundamental
weakness in attempting to provide a specific MBO
statement. As we all suspect, definitions are
strickly personal. As utilized in developing
educational data systems, my definition of the
term management by objectives is defined as:

“A management technique stressing the results to
be achieved while allowing involvement of the
individual to establish specific criteria by

which he will be expected to perform.” Once again
it is important to emphasize the personal nature
of definitions.

There are several keys to the success of an
MBO program. Most analysts and programmers are
more responsive to adhering to their own personal
objectives than they are to objectives imposed on
them by management. Large developmental staffs
as well as smaller ones can attain job enrichment
and increase productivity by personal involvement
in the MB0 program.

Unquestionably, the term MBO could be con-
strued to replace the traditional merit review.
This misconception can be also applied to the use
of objectives in preparing organizational budget
programs. Institutional planning of one, three,
and five year programs is Conmonly referrec to as
the MBC programs. Departmental responsibilities
utilizing greater self determination and encourag-
ing positive attitudes among participants will
2lign with the MBO program at the detail level,
Simply stated, whatever the program and its use,
and if the program has not been mandated from the
executive level, objectives stressing results are
here to stay.

PROJECT ORIENTATION

Close supervision of professional analysts
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and programmers is no longer tolerated at any
level in the life cycle of systems development
and implementation. HNew employees entering the
field are better edicated, in some cases highly
motivated, and possess technical expertise some
managers have never heen provided. The manager
is still responsidble and accountable but finds

it more dif¥icult to apply the management ques-
tions of what, why, when, and how. Assuming
present trends, the size and cumplexity of the
developmental effort is constantly increasing.
The myriad time consuming activities associated
with developing an educational data system places
the manager in the difficult posit.on of not
being thoroughly aware of all of the desailed
diversified activities of his staff. Compiling
modules, catalogued procs., copy library specifi-
cations, program library maintenance, invoking
JCL, data base zoncepts, TSO, and a host of other
specialities formulate the manager's awareness of
the fact that nis accomplishments are really the
individual results of many snecialized support
functions wo—king as a unit. The manager is
applying the management functions of planning and
organizing these specific technical areas to
attain the desired results defined in the MBO
program.

The university organizational structure con-
sists of two divisions, academic and medical with
a provost on each campus. Functional vice pre-
sidential areas, namcly Finance, Student Affairs,
and Planning and Operations transcend both divi-
sions. The Director of Computing Activities
reports directly to the President. There are
four departments included in the realm of our
university computinf environment and the systems
and programming effort is one of three sections
in the Administrative Services Department.

The systems development effort is organized
along the lines of project teams. The three
teams are each headed hy a systems development
supervisor (project leader) and have systems
analysts and programmers assigned specifically to
the team. The academc team handles admissions,
registrar, administrat:-ve school functions,
alumni, and continuing education applications.
The financial team accomplishments deal with pay-
rolls, cost accounting, budgetary system, stu-
dent accounts receivable, and other supplemental
financial sub-systems. The third and last major
group concentrates on ‘nventory applications,
training, documentation, standards, structured
walk through procedures, and controls. The
existing structure which handles both new deve-
lopment and maintenance activities fits into a
results oriented framework. Some of the indi-
viduals remain task oriented but for the past 18
months most of the 2ralysts and programmers have
adapted the self development approach in our MBO
progran.

MANAGEMENT BY OBJECTIVES SYSTEM

Generally, implementation of the MBO program
requires an understanding of the management func-
tions and clearly stated objectives. Making ob-
Jectives clear is not always an easy task. Objec-
tives are only clear when they are well stated.
The criteria for making objectives clear are:

1. Individual - Directly traceable to a
person doing his job

2. Measurable - The ability to quantify
identified indicators of
progress

3. Specific - Delineates the particular
area of performance tar-
geted for improved results

4. Realistically- Based on sound analysis

Set not wishes

Objectives are clear only when the above criteria
exists and when they are understood and mutually
agreed upon. Objectives may be established in any
one of the three following ways:

1. Imposed from the top
2. Jointly evolved
3. Initiated by the subordinate

The jointly evolved method normally has the best
chance for success. Here the manager and the
analyst or the analyst and Programmer sit down and
jointly agree on the objectives and the results to
be attained. Regardless of approach, answers to
several questions must be developed. What
resource support does he need to meet the objec-
tives? Will these objectives affect other
employees or other stated objectives?

The acceptance and implementation of a suc-
cess ful MBO system is contingent on indicating the
areas targeted for improvement bafore the fact.
This establishes a firm line of communicatior, a
mutual understanding of what is expected, and a
results orientation necessary to remove the per-
sonality contest from the performance review
cycle. How is this accomplished?

We have found the use of an application item
Check List and Plan List to be the accepted
vehicle. The Planning List requires only a yes or
no indication next to each application item re-
quired for successful development of any assigned
project. The application items have associated
with them individual standards. These standards
are succinct statements located in the standards
manual and used as a guide for the analyst and
programmer in completing his work. The list of
application items consists of many traditional
systems components. Such things as flowchart,
data element dictionary, program narrative, pro-
gram listing, procedsie manual, file specifica-
tions, sort/utility statements, and catalogued
procedures. This 1ist is not all inclusive and
jtems can be added or deleted to suit your organ-
ization.

There is alse a technical support section to
be completed prior to beginning work on the pro-
Ject. This section provides for control in main-
taining the validity of the test and source mod-
ules. The checking of both areas is normally
handled during the structured walk through. The
use of this valuable tool, the plan and check list
document, allows the MBO system to function in the
chronological sequence of determining what must be
done at project initiation. This provides both
management and the analyst/programmer the “before
the fact", mutually agreed on, objectives neces-
sary to complete the assigned work.

Yy




PLAN LIST CHECK LIST

Required Item Approved By
Write Yes or No APPLICATION ITEM (STANDARD NUMBER) Sign & Date

Feasibility Proposal {308)
Documentation Index List (320)
Implementation Schedule (316)
Application Flowchart (328)
File Specification (336)
Sort/Utility Statements (360)
Program Narrative (408)
Program Flowchart (412)
Program Listing (416)
Catalogued Procedure (384)
Job Execution Deck (388)
Procedure Manual (380)
Data Management Manual (724)

Keypunch Binder (728)
/ Test Data (364)

Approves the above assignment of required items.

Sign & Date

COMPLETED RY TECHNICAL SUPPORT

Approved By
Sign & Date COPY LIBRARY

® File specifications added - changed - deleted in
SYS1.COBLCOPY. Circle if appropriate.

SORT/UTILITY CONTROL STATEMENTS 1.IBRARY

e Sort/Utility Control statements added - changed -
deleted in SYS1.SORTPARM. <Circle if appropriate.

~

PROGRA4 LIBRARILS

Production status module which needs to be modified,

has been moved from SYSI .LIBMSTR to LIBRARY.SOURCE.

o lModule has been moved from TESTLIB to SYS1.LOADLID
and LIBPARY.SOURCE to SYS1.LIBHSTR.

° ggduég has been scratched from TESTLIB &nd LIBRARY.
URCL .

CATALOGUCDH PROCFDURE LIBRARY

e Application procedures have heen added - changed -
deleted in SYST.PROCLIB. Circle if appropriate.
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This technique can be utilized throughout any
phase of the empirical analysis in the systems
development cycle. where the developmental
aspects may consist of such things as problem
definition, preliminary survey, systems planning,
conceptual design, detail specifications, and
technical requirements, the concept using objec-
tives can be applied. It will also work in the
areas of programming, client training, implemen-
tation, and ongoing maintenance. The rationale
for discussing the many areas in which objec-
tives might apply is to help broaden the paro-
chial view of many task oriented managers, ana-
lysts, and programmers

BARRIERS

As with any new appreach or new system there
is always the possibility of encountering formi-
dable barriers. Certain individuals in the organ-
ization will have definition problems. They begin
to play the word game. The use and misuse of spe-
cific terms while defining these terms creates a
situation where the employee states he does not
understand the program.

Another barrier is the extremely busy
employee. The routine and the important duties
of this employee in general is a common occurrence
in many organizations. The employee may lack job
flexibility or he may represent a ore man system,
either of which constitutes a barrier in implemen-
ting a successful program. He sees this as just
more red tape to contend with and not an intrin-
sic portion of his prodigious duties.

Finally, there are many employees who regard
this system as too difficult to understand. This
often happens where the MBO program is being man-
dated from the top by edit. The employee does
not recognize this as something he wants to
identify with or learn. In some cases this is
the old, overworked resistarce to change probia.
Forcing this change will normally not be succes-
sful. Giving the employee the opportunity to
chat and ask questions about the program is one
way of possibly gaining his confidence. There
are many other obstacles in the path of instal-
ling and implementing an MBO system. Only sev-
eral of these barriers have been indicated.

SUMMARY

The concept of Management by Objectives in
developing educational data systems is a chal-
lenging and exciting one. The material pre-
sented in this article is provided to spark
your appetite. Let each project area or each
department establish their own objectives and
then discuss the planning cycle necessary to
implement these objectives. The MBO system
utilized in the systems and programming deve-
lopmental effort is a valuable tool and when
used properly will increase productivity.

20
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CRITERION-REFERENCED CURRICULAR
DECISIDN-MAKING:
CRITICAL COMPUTER APPLICATIDNS

by Dr. Roger B. Worner
Executive Directnr :
Institute for Educational Research

Downers Grove, I1linois

The track record of curriculum personnel in
harnessing the speed and versatility of the
computer for curriculum decision-making purposes
has been most unimpressive. And there should be
little wonder about this. In the early years of
computer installation in school systems, it was
the business-oriented educator who perceived the
promise and opportunity that computer technology
held for processing data in innumerable versions
and combinations to enhance fiscal decision-
making and accountability. Curriculum leaders
continued to be among the entrenched skeptics
who believed that anything really worthwhile
should be humanly processed with a careful
measure of reflectiveness and, most undubitably,
should not be left to the clumsy machinations of
an awkward combination of integrated circuits
controlled by an unimaginative computer program-
mer, who most frequently spoke in a foreign
language of bits, bytes, core, disk, mod, and
other unintelligible verbiage. So the world of
the curriculum educator progressed in the age of
computer technology, and even today, most school
district instructional leaders having access to
the computer degrade its magnificent processing
capacities to the level of a class III clerk
typist. In this light, there should be little
wonder that the priority rating of most instruc-
tional applications in all but a few schooi
districts falls orly slightly behind the
production of the Expenditure Report on
Janitorial Supply Utilization.

Fortunately for us curriculum people, &
small but increasing number of instruction-minded
educators are now envisioning the dynamics of
computer technology and are wresting control of
a valuaole aid - lost by default - that will
furnish the key to critical curriculum decision-
making in the public schools. Now that the
retainer walls have given away, it would appear
that an endless flood of "new" curriculum and
instruction questions of crucial significance to
the operation of school districts are being
raised. Among them are "Can the computer be of
assistance in sequencing instructional skills
and processes taught in the classroom? Can it
help in organizing curricular materials and
rating them for classroom usage? In what manner
can it assist in more accurate student diagnosis,
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placement, prescription, assessment, supplementa-
tion, grouping, and monitoring? Can it help to
specify inservice training needs?" The number and
quality of the questions are hearteniny. Curric-
ulum people are arriving, finally. At the same
time, however, they are not infrequently finding
that the present degree of curricular specifica-
tion is not sufficient to enable the computer to
provide meaningful, usable information that can

be applied to sound curricular decision-making.

The first order of business, it would appear,
is for curriculum leaders and designers to prepare
themselves for the demanding data requirements
requisite to complex curricular decision-making.
When this is at a sufficiently accomplished state,
the computer will provide analytic responses with
the sophistication desired to dramatically improve
instructional services for students, teachers, and
administrative decision-makers.

Preparation for Curricular Decision-Making

HMaking effective curricular decisions
through the application of a computer requires
thoughtful planning to identify the priority areas
of a school district's informational needs, the
scope of those needs, and the practical and
potential utility of information that is gathered
or generated. A curricular specification effort
will surely follow this planning and will be
directly dependent upon these factors. It is an
axiomatic reminder that the computer can not and
will not respond to questions which have not been
asked, and its analytic rcsponses will rarely be
more sophisticated and have greater utility than
that which was originally perceived by the
inquirer.

Several of the most critical areas where the
computer can be applied to curricular decision-
making are (1) test generation, (2) student
diagnosis, (3) student placement, (4) student
grouping, (5) student prescription, (6) student
monitoring, (7) skill and process sequencing,

(8) curricular material organization, (9) select
curricular material usage, {10) curricular
material revision, (11) identification of
inservice training needs for staff, (12) achieve-
ment gain carameters, (13) cost/effective
analysis, and (14) curricular material ware-
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housing and deployment. In most school sysiems,
a few of these functions are being performed.
Yet, all of them can be effectively accomplished
in school systems with or without the use of a
computer, though the rapidity of processing and
the potential combination of analyses are
unquestionably enhanced by computer availability.

The degree of curricular specification
reguired to enhance decision-making in each of
these fourteen areas is not nearly as prodigious
and time-consuming as one might initially
imagine. At the same time, it is noteworthy that
the required specifications are so basic to the
operation of curricular and instruction programs
that they should have been accomplished in all
school districts whether or not there is an
interest in addressing any of the suggested
strategical decision-making areas. Minimal
specification activities to prepare for computer-
applied curriculum decision-making are (1) the
identification and sequencing of instructional
skills and processes, (2) the referencing of
identified instructional skills and processes to
available curricular materials in the school
district, (3) the construction of representative
test items for each instructional skill and
process, (4) the referencing of developed test
items to each instructional skill and process,
and (5) the establishment of a series of
decision rules that will be applied tc data
generated by the computer.l Unquestionably,
there are an excessive number of additional, more
detailed curricular specifications that can be
undertaken to improve school district curricular
content, delivery, and assessment, but it would
appear prudent to obtain, initially, the wealth
of curricular decision-making information that
can be derived with a modest time and cost input.
With that successful experience realized, the
need for and desirability of forging ahead in
more detailed areas of curricular investigation
and specification become readily apparent.

identifying and Sequencing Skills and
Processes. Primary to curriculum and instruc-
tion decision-making of any type is that school
districts clearly specify the detailed foun-
dations upon which their programs are based and
the instructional elements that the programs
convey to the student. Whether school districts
label the instructional foundations for their
programs as skills, processes, concepts,
elements, principles, or a combination of these
terms, it is vital that they be explicitly
identified for each program, grade level,
course, or subject. Furthermore, the instruc-
tional foundations will need to be sequenced in

Tpetailed examination of these and
additional specifications for curricular
decision-making are found in Roger B. Worner's,
Criterion-Referenced Diagnosis, Placement, and

Prescription (Nashviile, Tennessee: Learn,
Inc., 1975).

.
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a manner that seemingly best represents a logical
pattern for introducing and instructing these
elements to students as they progress through a
course, grade level, or program.

The process of identifying and sequencing
skills and processes is not a particularly awesome
task, though it is doubtlessly flawed because
school district personnel have rarely attempted it
before. At the same time, however, every textbook,
workbook, and aid used in the schooling process has
a stated sequence, and contrary to what many people
will claim, most instructional staff members follow
the publisher's sequence quite religiously. Thus,
in the absence of any more sophisticated
approaches, staff members selected to identify and
sequence skills and processes can accomplish the
nrocess by replicating publisher skills and
sequences or empirically deriving them.

Referencing Skills and Processes to
Curricular Materfals. A more time-consuming but
no more difficult task to prepare for curricular
decision-making is the referencing of instruc-
tional skills and processes to available textual,
workbook, and aid materials frequently used by
classroom teachers in conveying skills and
processes to students. The process amounts to
citing the title of a book (workbook or aid) and
the page numbers where a particular instructional
skill or process is treated. This task will need
to be done for each skill and process in each
program, grade level, course, or subject avail-
able in the school district or, if a lesser
approach is selected, to those programs, grade
levels, courses, or subjects on which the school
district wishes to gather and process decision-
making data.

Obviously, the more extensively that skills
and processes are referenced to a broad range of
available school district curricular materials
the greater will be the decision-making botential
to school administrators and classroom teachers.

Constructing Representative Test Items. A
task crucial to curricular decision-making is the
construction of representative test items for
each skill and process identified in each program,
grade level, course, or subject. Since the test
items will be used innumerable times in collecting
deciding information, it would be advisable that
test item writers be trained in the intricacies
of performing this task. The process is not
difficult to learn, and highly successful results
can be achieved with a minimal amount of capable
guidance.

School districts may wish to consider the
development of several test items (perhaps as
many as ten) for each skill and process to enhance
the capability of generating multiple forms of
tests with varied test items.

€
o
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Referencing Test Items to Skills and
Processes. Since test items are developed for
explicit skills and processes previously
identified, referencing the items is a simple
clerical matter. In the process of carrying out
the item to skill and process referencing, it is
worth noting that because of the previous skill
and process referencing to curricular material,
the school district will have accomplished a test
item to curricular material referencing without
the need for actually undertaking that process.

Establishing Decision Rules. At some point
in the conceptualization of each of the cur-
ricular decision-making areas, school district
personnel will need to establish decision rules
that govern how the computer should process, act
upon, and report data. As an example, if place-
ment tests for reading are generated and
administered to first grade children, rules will
need to be established governing how the computer
should correct the test; indicate skill/process
proficiency, deficiency, or questionable mastery;
establish a student's placement based on
deficiency; document the type and number of
potential instructional prescriptions that may be
used for beginning or follow-up instruction; and
report other information in a form and according
to specifications desired by administrators and
teachers.

The setting of decision rules is not a
difficult process, and the only certain guidelines
for setting them are that the user have confidence
the rules will not distort the data in a manner
which would cause questionable or faulty decision-
making to occur. Thus, those who establish
decision rules have the responsibility to assess
the degree of stringency that will be applied to
data. If decision rules are too stringent, they
may ovar-discrimirate; if they are too lax, they
may under-discriminate. Under any conditicn,
however, decision rules - like skills, processes,
sequences, test items, referencing, and the
curricula itself - are changeable, and a part of
the rationale for undertaking these activities
is to learn. As such, the setting of decision
rules will need to be done with care, but the
expectation that it will be done without error
and revision is unrealistic.

Criterion-Referenced Curricular Decision-
Making. Having completed the specification
activities for curricular decision-making, school
districts will have delineated criterion-
referenced data, information that is built upon or
reflective of actual local programs and
procedures. The value of criterion-referenced
data specification for decision-making is that it
captures the essence of the content, sequence,
and measurement criteria of local programs, while
non-criterion-referenced data specification, at
best, only apnroximates what "may be" the
substance of local programs and, at worst, fails
to reflect local programs at all. The obvious
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advantages of criterion-referenced data
specification are that the data acquired have

a dii ~ct bearing on the content, sequence,
procedures, material, and measurement that are
being employed in the school district,-and the
decision-making data collected cannot be dismissed
or rationalized as irrelevant. Once that barrier
is removed, school administrators and teachers can
look objectively and with confidence at gathered
data and ferret out curricular areas which wouid
appear to need attention. They can also proceed
with a "controlled” adjustment of content, proce-
dures, materials, and measurement variables -

from a knowledgeable vantage point - in attempting
to effect improved curricular programs.

Critical Computer Applications in the Curricula
~The critical computer applications in the
curricular area are those which effect the
accurate and effective delivery of services to
students. These applications revalve around the
detection of a student's instructional status
(test generation, student diagnosis, student
placement, and student grouping); content deliverv
(student prescription and student monitoring);
adjustment of curricular content and delivery
(skill and process sequencing, curricular material
organization, select curricular material usage,
curricular material revision, identification of
inservice training needs of staff, and curricular
material warehousing and deployment); and broad-
based, curricular decision-making (achievement
gain parameters and cost/effectiveness analysis).

Test Generation. The prior specification of
school district skilis and processes and the
development of test items referenced to those
skil1s and processes enables curriculum personnel
to use the computer in the generation of a multi-
tude ¢f different forms of criterion-referencad
tests for diagnostic, placement, and assessment
purposes. Depending upon the parameters
established by school district personnel, tests
can be constructed to diagnose or assess any phase
of programming or student learning: multi-grade
level, single grade level, multi-discipline,
single discipline, skill strand, unit stand, and
numerous others.

Student Diagnosis. Using tests generated on
the skill and process content of a single or
series of grade levels and applying decisicn
rules reflecting the degree of a student's
proficiency (e.g. mastery, non-mastery, question-
able mastery), curriculum personnel can use
computer technology to diagrose the location and
degree of student proficiency and deficiency.

Student Placement. Diagnostic information
derived from critericn-referenced tests can be
used t6 ascertain a student's instructional
placement position in a program, grade level,
course, or subject. .By establishing and applying
decision rules to the frequency, succession, or
pattern of skill deficiency identified in
criterion-referenced testing, the point at which
a student's knowledge of the curricular program
breaks down can be established, and the point of
beginning instruction can be determined.
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Student Grouping. Since school district
personnel are able to acquire diagnostic and
placement data on individual students using
computer applications, they are also able to
apply these individuai datum to groups of
students and determine the frequency, composi-
tion, and range of student deficiency for the
purpose of initiating instructional groupings.
Such a procedure can be applied on a classroom,
grade level, program level, or school level basis
depending upon the desires of school administra-
tors and teachers.

Student Prescription. The referencing of
test 1tems to school district skills and process-
es, and, in turn, the referencing of the latter
elements to curricular materials, permits
curriculum and data processing personnel to
construct computer applications tnat will yield
information on student prescription. Each skill
or process included in a curricular program is
represented by one or a number of sets of
instructional materials which can be used to
convey the meaning and content of the skill or
process. Depending upon the decision rules and
parameters set up to report prescriptions, the
computer can either report all (or some) iden-
tified prescriptions for the student's placement
skill, the same information for all skills in
which the student has :xhibited deficiency prior
to his placement position, or both types of
information.

Student Monitoring. School districts can
employ the computer as a periodic or continuous
instructional ronitorirg device through on-line
or batch process modes. Monitoring can be used
to ascertain student progress, reassess grouping
patterms, affirm the presence or ahsenct of
proficiency or deficiercy, test out the efficacy
of prescriptions and original placement, and
perform any number of administrative and teach-
iny evaluations of curricular content delivery.
It is noteworthy to mertion that on-line pro-
cessing and instantanecus teacher and student
feedback, promoted by some as requisite for
successful instructional activities, is most
likely neither cost effective nor necessary if
other curricular activities (e.g. skill and
process identification and sequencing, curricular
material specification, referencing, and
criterion-referenced test construction) are
properly and completely carried out.

Skill and Process Sequencing. School
district personnel can obtain valuable informa-
tion from the computer with which judgments about
the appropriateness of instructional skill and
process content and sequénces may be tendered.
Among other information yielded by computer-
generated criterion-referenced tests are
"deficiency counts" on each skill and process
conveyed in the instruc:ional program. Deficien-
cy counts specify the incidence with which a
given skill is answerec incorrectly by students
and states when there . no relationship between
the incorrect answers and the student's final
placement. If a skill's deficiency count is
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high - on a variety of different test items - it
may suggest that the skill is inappropriately
placed in the sequence or, it in some instances,
is of questionable importance to the curricular
progranm.

Curricular Material Organization. Just as
the computer can be used to rearrange and extract
skills and process from a curricular program
because of their inappropriateness, it may be used
in an identical manner to cause the rearrangement
or deletion of curricular materials. Since
curricular materials are referenced to instruc-
tional skills and processes during the curricular
specification process, curricular materials may be
resequenced by manual or machine reprogramming at
the same time as each skill and process is being
resequenced.

Select Curricular Material Usage. Perhaps
among the more difficult tasks facing classroom
teachers is selecting and employing curricular
materials with children exhibiting forms of
exceptionality (e.g. learning disability, emotion-
al problems, educable mentally handicapped, blind,
deaf and hard of hearing, and others). Because
instructional centers for exceptional children
are frequently scattered throughout a school
district and the nature of the teaching task is
inherently more difficult, teachers of the
exceptional child require a greater degree of
feedback on the instructional efficacy of cur-
ricular materials used with students having very
unique Tlearning problems. Such feedback may be
obtained by recording the specific prescriptions
employed with the district's exceptional children
in mastery of skills or processes. The storage
and processing of such data on a district-wide
basis can be used to aid in strengthening the
school district's curricular holding of select
types of materials, preparing prescription
profiles for exceptional students, projecting
the characteristics of materials which have a high
probability of success, deleting questionable
materials, and mapping instructional strategies,

Curricular Material Revision. The computer
is a valuable tool in assessing the points at
which curricular materials are weak and in need
of revision. By collecting feedback from teachers
on prescriptions used in instructing specific
skills and processes and assessing student
criterion-referenced test results, evidence can be
collected which suggest the need for a careful
analysis and possible revision of curricular
materials. Particularly is such analysis of value
in assessing materials used to convey skills on
which students frequently exhibit deficiency and
which are 1ikely to affect student placenent.

Identification of Inservice Training ieeds

of Staff. Skills and processes that are frequent-
Ty found deficient in post-criterion-referenced

test assessment (after the student has received
instruction) serve as a potential basis for
curricular material revision, inservice training
of staff, and, more likely, both. Again, the
computer can serve as a data retriever and analyst
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in determining the frequency and identity of
vital, yet troublesome, skills and processes
with which students exhibit a moderate or high
degree of deficiency even after instruction

has been carried out. Such information may be
used to structure training sessions on method-
ologies, materials, and techniques for conveying
skills and processes that are directly linked to
student failure in the school district.

Curricular Material Warehousing and
Deployment. Using end of the year diagnostic,
plTacement, and prescriptive information
gathered from computer-generated and processed
criterion-referenced tests, a warehousing and
deployment plan may be established and
implemented to specify the exact quantity and
type of district curricular materials delivered
to each building and classroom in the school
district. Such a plan insures that classroom
teachers will have material resources readily
at hand on the first day of school and that
they will be specifically selected on the basis
of each individual child's assessed needs. The
classroom teacher may then apply diagnostic,
placement, grouping, and prescription informa-
tion on an individual or group basis immediately
without experiencing the delays and errors that
are characteristic of material deployment at
the beginning of a school year.

Achievement Gain Parameters. School
districts that have undertaken tasic curricular
specification will determine that .he computer
has unique capabilities for gatheiing and
analyzing achievement data. For example, based
on pre- and post-test administration of school
district criterion-referenced tests, achievement
gain data can be collected by school, program,
grade level, department, or other organizational
unit. Such information can be used to assess
the priorities for funding, staffing, material
allocation, and resource deployment to schools,
programs, departments, and grade levels where
unique learning problems appear to be causing
underachievement. Flexible achievement gain
parameters may be established - based on the
past performances of school district students -
to assess the present and project the future
efficacy of instructional programs in delivering
appropriate services to students. Though such
parameters will always be limited by the fact
that the tested student clientele is forever
changing, they have the inherent capability -
when combined with other information - of
identifying sources of curricular design or
programming that are weak and require further
study or immediate change.

Cost/Effectiveness Analysis. School
districts employing a planning-prograMning-
budgeting system framework for gathering and
analyzing cost data are in a unique position to
apply those data to achievement information
gathered through curricular specification and
derive cost/effectiveness comparisons among
instructional programs. Using cost figures
derived from a program budget and achievement
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gain figures acquired from the pre- and post-
administration of criterion-referenced tests,
cost, effectiveness ratios can be documented for
similar programs, courses, and Subjects.
Determinations can then be made on the effect of
cost increases, decreases, or Stability on the
variable effectiveness of diverse instructional
practices, procedures, or Support systems.

School districts will find that cost/effectivness
procedures are particularly valuable for
assessing the relative merits and practices of
alternative programs that are being considered
for implementation, especially when cost is a
vital consideration. Numerous other valuable
insights are provided through the derivation of
cost/effectiveness analysis. Among them are
critical information for long-range planning,
goal setting, priority setting, budget deliber-
ation, innovative program design, and many others.

Conclusion

he practical applications to which the
computer can be applied by school district
personnel is virtually limitless. It would
appear, however, that the most promising and
significant utilization cf computer technology
in school districts may be in the domain of
curricular decision-making., With a minimal
amount of internal curricular specification -
involving the completion of tasks that are so
basic to school district operation that they
should have been completed decades ago - an entire
panorama of improvement activities can be
initiated to aid school districts in increasing
the quality of curricular services they deliver
to students. Perhaps the most significant aspect
of computer utilization for the schools' cautious
curriculum leaders to recognize is the potential
that this tool holds for humanizing instruction
for students and refining the content and make-up
of curricular offerings. Without imposing any
content or procedural limitations on school
teachers and administrators, it can 2id the
schools in viewing the student in his fullest
complexity and help to design an endless number
of alternatives that can help him to achieve both
personal and academic success in the schooling
process.
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DECISION TABLES IN EDUCATION

Herbert C. Mayer, Jr.

IBM Corporation

One of the frequent problems discussed in user
meetings covers the sharing of programs or appli-
cations between installations. Due to the differ-
ent languages that may be used as well as the
varying interral structure of the hardware of the
computers, transfer of programs has required al-
most a total reprogramming effort to implement an
application at a different installation.

Stariweather (1969) indicated his concern about
the transfer of instructional material between
computers when he stated:

The language should be versatile and in-
clusive so that other languages in which ex-
tensive curriculum materials have been devel-
oped can be translated into it. The language
processor itself should be written in a read-
able computer programmning language to aid its
implementation on a variety of computers
(p. 272).

Zirn (1969) analyzed many instructional lan-
guages and addressed the translation problem by
stating:

New languages and systems will have greater
capacity for translation of instruction pro-
grams from present programming languages in
which they were implemented. Translatability
is possible without imposing any restrictions
?n inngvative ideas for language or strategy

p. 33).

Feldhusen (1970) in his review of CAl research
and development made this recommendation con-
cerning an instructional language:

For the present the diversity of languages
and the relative complexity of most languages
stands in the way of program development and
?reclgdes transfer from system to system

p. 7).

One way to assist with the transfer of infor-
mation from one system to another is to use de-
cision tables in many o the educational appli-
cations of the computer First, let us discuss
the concepts of gecision tables and how they
are used.

A decision table or logic structure table is a
tabular representation of a procedure for express-
ing the logical relationship between a set of con-
ditions and the actions to be taken when specified
combinations of the conditions exist. There are
four maJor parts to a decision table formed by in-
tersecting vertical and horizontal double lines.
According to Montalbano (1974), each part has its
own specific function and two of these are design-
ed to answer the following questions:
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1. What factors have to be consicered befcre a

course of action can be determined?

2. What actions are governed by this procedure?
The answer to the first question is found in the
upper left corner - the condition stub - as shown
in Figure 1. The answer to the second question is

Condition Condition
Stub Entry

Action Action
Stub Entry

Figure 1. Decision Table Arrangement

represented by the lower left section of the de-
cision table - the action stub. To the right of
the double vertical lines is the entry part, which
in turn is divided into the conditicn entry above
the double horizontal lines and the action entry
that is below the dividing lines. The condition
entry contains answers to the questions asked in
the condition stub, while the action entry con-
sists of specifications of the actions described
in the action stub. The three different types of
tables depend on what kind of entries are used in
the table. A limited entry table means that the
answers in the condition entry and the specifica-
tions in the action entry are generally limited to
YES or NO. When more general entries, such as
words or phrases are used, the table is called,
extended e’try. Tables which combine these two
types, where entries across a row are consistently
of one type, are called mixed entry tables. The
entry sections of a table tie it together and pro-
vide the basic difference between decision tables
and other forms of procedure descriptions.

The difference is the manner in vwhich the branch-
ing structure - more commonly called the program
logic - of procedure is displayed. Most procedures
include conditional actions that are performed only
if a set of conditions holds true. Program logic
is this combination of inter-relationships between

e
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conditions and actions. In narrative descriptions
and flow charts, which are the most common methods
of describing program logic, the conditions and
actions are intermixed. By contrast, in decision
tables, they are separated, with all the conditions
listed in the condition stub section and all the
actions specified in the action stub.

To illustrate the use of a decision table, con-
sider the following situation taken from Article
IT of the Constitution of the United States:

No person except a natural born citizen, or

a citizen of the United States at the time of

the adoption of this Constitutior, shall be

eligible to the office of President: neither

shall any person be eligible to that office who
shall not have attained to the age of thirty-
five years, and been fourteen years a resident
within the United States.

When the information in this narrative form is
placed in a decision table, the conditions for
eligibility are easier to comprehend. A1l of the
possibilities are clearly delineated in the decis-
ion table shown in Figure 2. The Y stands for YES,
N stands for NO, and X indicates the action to be
taken. In the action entry a blank corresponds to
no action for this activity. The blank in the con-
dition entry represents a “don't care", "ignore",

Presidential £ligibility 112(3] 4
Age 35 or over YL Y] Y] N
Natural born citizen Y| YN

Resident of U. S. for 14 years YIN

Mark eligible for President X

Mark ineligible for President X1 X1 X

Figure 2. Presidential Eligibility

or "it doesn't matter" situation regarding a part-
jcular condition., Further explanation of the use
of the blank in an entry will be shown in the next
example.

The right part, or entry section, of a decision
table is divided by vertical lines into columns
called rules, with the numbers at the top of the
column identifying the rule number. Each rule in-
cludes both a condition part and an action portion,
thus connecting one to the other. The interpreta-
tion of a rule, using Rule 1 in Figure 2 is as fol-
lows: If a person is 35 years old or more, and a
natural born citizen, and a resident of the United
States for at least 14 years, then that individual
is eligible for the office of the President of the
United States. At any condition where the indi-
vidual fails to qualify, indicated by N, the re-
sult specifies that the person is ineligible for
the office. Everything written in the narrative
form in the Constitution is neatly laid cut in
this table, which permits a quick and easy check
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of an individual's eligibility.

In general, a rule is a conditional directive of
the f rm, "If the checked conditions listed in the
condition part hold, then take the actions speci-
fied in the action portion". For purposes of com-
puter processing, the information contained in the
decision table is usually coded in symbolic terms
that are easily handled by the computer. Thus,
the Yes or No entries in the decision table can be
represented by 1 or 0 respectively, which are sym-
bols that can be processed by the computer easily.
The person who prepares the original decision
table need not perform this coding, since this
activity can be handled quite readily by the com-
puter using a specific program. Condition entries
in a limited entry table, thus lend themselves to
simple conversion by a computer program. On the
other hand, entries in an extended entry table,
consisting of words, phrases, or expressions, fre-
quently require the inclusion of a code book or
conversion aid, in order to assist the computer in
setting up a processable form.

Consider another example used by a college ad-
mission officer to determine a student's accept-
ability for entrance to the college according to
the following criteria:

A1l students with a grade point average of 3.0
or better will be admitted. Those students with
grade point averages between 2.5 and 3.0 and an
SAT score of 800 or better will be admitted. A
student who is first in his high school graduating
class will be admitted.

Arranged in decision table format, the information
would appear as shown in Figure 3.

This college admission table is an example of a
mixed entry table. The condition entries for the
first two conditions use phrases which represent
an extended entry type table. The remaining en-
tries, for the third condition and all the action
entries, are of the limited entry type. All en-
tries across a row must be of the same type,
either limited entry or extended entry. The
blanks in some of the condition entries indicate
that a particular condition can be ignored, or it
does not matter or pertain to the rule. Thus, a
“Oon't Care" answer, represented by the blank, is
equivalent to ignoring a particular condition. Or,
stated in different terms, the answer to the con-
dition with the blank response does not affect the
rule so that it doesn't matter in the overall con-
sideration. Most decision tables will contain
“Don't Care" entries, otherwise the tables would
be unmanageable in size. A decision table with
eight conditions would require a total of 256
rules to express all possible combinations if
there were no blank entries. The ELSE rule illus-
trated in Figure 3, permits the collection of all
the cases that do not meet the conditions speci-
fied by Rules 1, 2, or 3. This rule provides a
considerable saving in exgressing the various com-
binations permitted in the table.

The general consideratiins about decision tables
and their representation can be surmarized as
follows:

1. A1l the questions that should be asked or
conditions to be tested are found in the
condition stub.

2. A1l the types of actions to be taken are
found in the action stub.

3. The answers to the questions or the condi-
tions to be tested for a given procedure are

q‘
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College Admission 1 2 3 Else
GPA 3.0 or between
better | 2.5 & 3.0
SAT score 800 or
better
First in H. S. Class Y
Admit to college X X X
Send sorry notice X
Figure 3. College Admission
found in the condition entry and constitute simplified evaluation can be accomplished by the
the condition portion of a rule. use of factoring. This breakdown not only uses
4. A11 the permissible actions for the procedure more than one method, but shows the student where
are found in the action entry and constitute and when to apoly different types of solution
the action portion of a rule. strategies. The table will now be explained in
5. Rules set apart by vertical lines that define terms of decision table concepts. The situation
columns are defined by the correspondence be- should be analyzed in terms of the conditions and
tween sets of conditions and courses of actions involved in the activity. When these have
actions. been elaborated the relationship between these con-
An example will be given to illustrate the use ditions and actions should be set up in the form
of a decision table with specific subject matter. of rules.
Consider the case of an algebra teacher who is The first condition stated én the table concerns
teaching the concept and ~valuation of quadratic the value 2f the expression b°-4ac, the discrimi-
equations using the quadratic formula. The de- nant, which in the quadratic formula is the quant-
cision table in Figure 4 indicates the part of ity inside the square root symbol. For positive
the formula that separates the evaluation of the values it is helpful to check another possibility
given expression into rational, irrational, or {condition 2) to see if the number is the exact
imaginary roots. It is true that each case can square of a number. 1In this case the easiest sol-
be solved by using the quadratic formula, but ution can be obtained by factoring the original
equation. If it is not the square of a number,
the roots or solutions of th: equation will con-
Quadratic Formula 1 2 3 4 tain radical signs and the exact values of the
2 solution can only be approximated. Rules 1 and 2
b®-4ac is >0 | -0 ] =0 | <0 cover the possibilities discussed so far. Rule 3
2 provides a special circumstance for the situation
Is b®-4ac the square of when the value of the discriminant is zero, and
this situation yields two equal roots, which can
a number? Y N be found easily by the factoring method. When the
— — discriminant is negative, the resulting roots are
imaginary and can only be found by using the form-
ula. The first condition listed in the first row
Evaluate by factoring X X across the table is an example of the extended en-
— try form of entries. Any suitable expression or
Evaluate by formula X words may be used to specify what is needed. The
second condition uses the Yes - No type entries of
Evaluate imaginary rocts the limited entry form. These are easily expressed
in the computer program as a 1 or 0. Since for
by formula X Rules 3 and 4 the answer to condition 2 does not
affect them, no entry is made in the correspond-
ing columns. The required action for each rule is
indicated by the entry X to specify what action
Figure 4. Guadratic Formula should be performed.

As an aid to teachers who would plan to use de-
cision tables in connection with their educational
program development, the following steps are

-
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listed for decision table preparation.

1. Identify the problem to be studied.

2. Obtain or develop a statement of the {ro-
cess or procedure that describes the tech-
nique.

3. Pick out from this statement the conditions
that must be met and place them in the condi-
tion stub.

4. Pick out from this statement all the actions
that must be taken and place them in the
action stub.

5. Develop the rules that prescribe the actions
required for each possible combination of
conditions. This information is specified
in the entry portion of the table.

6. Check to determine that the table is com-
plete and the rules are not contradictory.

Several comments are appropriate in connection
with this development process. For some appli-
cations there may be no written set of procedures
that give an indication cf what should be done.
This deficiency may be corrected by interviewing
the people involved in the activity to develop the
needed written procedure. Once the statement has
been prepared all the conditions and actions that
are contained in the procedure can be selected and
listed in the stub portion of the decision table.
Setting up the relationship of the conditions and
actions through the rules will follow the concept
of: if this set of conditions holds, then these
are the actions to be taken. The final step of
checking the accuracy of the table can be handled
Dy some computer programs that will expand the
table to its maximum size for a fixed number of
rules, then reduce the rules to eliminate all re-
dundancies. In the development of the table the
teacher may find that it is getting too large. If
this is the case, sections of the process can be
placed in separate tables and the tables can be
linked through an action statement at the appro-
priate point. This technique helps to keep the
tables at a manageable level.

Computer processors for decision tables have
been available for some time. In recent years
where there has been any activity at all with de-
cision tables, the emphasis has been to shift the
processing activity from the batch-controlled en-
vironment to one that can be handled through input
at a terminal. The programs that will not only
check the accuracy of the table and execute it,
will also permit entry of the table information
through the terminal and guide the preparation of
the table itself. The biggest problem that the
computer programmer faces is the integration of
decision tables with the procedures that have
been coded in a programming language. The lan-
guage of implementation of the decision table
processor may be different from that used for
other parts of the computer instructional program.
The problem may be corrected by letting the oper-
ating system control the change between languages
or by writing both parts in the same computer
language.

Due to the varied makeup of different computers,
a computer program will not run on two computers
with different internal characteristics. Even
though processors exist “or common computer tech-
niques, the translatior of material on one com-
puter to a second computer depends either on a
translation program to allow the computer to per-
form the change or on processors on different
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computers that can handle common input, such as a
decision table. The exchange of 'nformation be-
twee, computers cannot be accomplished without the
specific computer programs and processors. By
using the decision table processors that are cur-
rently available on different computers, the pro-
cess of transferring instructional material or
computer data in derision table format from one

computer to another can be considerably simplified.
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ELECTRONIC PUBLISHING IN INSTRUCTION:

NEW CHALLENGE FOR THE EDUCATIONAL

COMPUTER CENTER MANAGER

Charles A. Morrissey, Executive V.P.

Time Share Corporation

Some of you may re<all the experience of the
young soclology graduate who traveled to Egypt
to study the changing status of the wife in
Egyptian family life. One status symbcl was
particularly significant, that of having the
wife walk behind the «¢amel while the husband
rode.

The sociologist discussed this trait with
many of the men and suggested that the woman's
role was more {mportant and should be recognized.

Not long after these discussions she was
watching one large group making their way into
the desert and noted that all the wowmen were
walking in front. Feeling she had stimulated
a significant change in the culture of this
tribe she asked one leader, "Don't you feal
that this recognition of women is deserved?"

"No," he replied.

*Well why are you having the women walk {n
front?"

"Land mines," he replied.

My recent experience has shown that managers
of educational computer centers are facing a
similar transftion -~ from a traditional role
of supplying generally standard administrative
needs to the educational user to a new era -
that of managing fnstructional software and
other multi-medfa. This new area which I,
and many other students of this new area, call
"electronic publishing" Is loaded with land
mines.

For the purpose of our discussion today
electronic publishing is defined as "the
delivery of instructional material through
electronic devices in a format famfliar to
student and faculty”. As {n any new tech-
nology this nomenclature may change. Other
identities currently suggested are "coursework'
and "academic computing."

Because most of these new materials also
integrate other new electronic technologies ¢
I feel "electronic publishing' is a more -
accurate descriptor.

Since 1 feel the computer will be a common

denominator to most electronic publisiing
techniques in education, I think it {s important
to summarize the history of the use of the
computer in instructionm.

HISTORY

While :omputers were used in many university
courses as early as the late 1950s and 1960s,
the emphasis at that time was teaching abont
the computer, i.e., programming languages;
configurations and some limited applicatioms.
Introduction of the use of the computer in
courses such as accounting, engineering and
mathematics soon followed since the computer
was establishing itself as an economical and
useful tool in these functions.

However, the concept of extending the use of
the computer directly to the classroom for on-
demand, conversational, interactive usage was
a product on the 1964-1966 era. Led by the
National Science Foundation project at Dartmouth
College and Project MAC at MIT, awareness of
computer power; ease of use; and some limited
programs Iin classroom teaching began to spread.
As in most other pioneer developments a small
group of people, who believed in the future of
this new-found teaching device, f{nvested not
only unlimited hours but millions of dollars in
extending this utility concept to the educational
field.

These developments took many forms.

(a) Computer service companies installed
communication networks to facilitate
educational institutions "dialing in"
to a computer;

(b) Hardware vendors introduced computers
designed specifically for "time~sharing";

(c) Easy to learn computer languages such as
BASIC; FOCAL; TELCOMP; QUIKTRAN: and
many others emerged with strong arguments
for the value of each;

(d) Portable terminals were developed; and
finally

(e) Various funding sources such as the National
Science Foundation provided grants to
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evaluate and promote this new tool. "

Competition to deliver scrvices and equip-
went to this market was very i{ntense for such a
fledgling area. Ia the period from 1968 to 1970
a typical high school or college in New Jersey,
for example, could have acquired "on-line" com-
puter power from at least ten different sources.
Competition. on the other hand, was very geo-
graphically concentrated in the Northeast;
California and in some random areas where
instructional computer pionecers set up camp to
offer their wares. Many areas of the country
had no resources available.

It is important to recognize that during this

period since the early 1960s, of course, c.mputer

usage for educational administration programs
continues. In some districts these administra-
tive computers are also used for orienting
students in a business or technical programming
language such as COBOL or FORTRAN and some
faculty members have their students writing
programs for a course in business or math.

At the same time very thorough curriculums

have been developed for students bound for a
career in the computer field. In these uses
the student usually brings his program to the
computer center on some predetermined schedule.

It is impossible to fullv document the
fascinating and rapidly changing history of
educational time-sharing, but there are many
fine articles and texts describing this history
in detail.

The concentration of this paper, however,
is directed at the role of the computer in
the instructional process as it applies to
basic disciplines such as mathematics, science,
laaguage, arts, social science and business.

NEED FOR CLASSROOM MATERIALS

Conspicuous by {ts absence during the growth
of time-sharing In the rlassroom was the
avaflability of supportive text materfals -
particularly student and teacher manuals;
curriculum objectives; and test progranms.
Studies by the Conference Board of the
Mathematical Sciences (1) and HumrrO (2)
have highlighted not only the lack of such
material, but emphasized that its continual
absence wQuld inhibit an efffcient or
educationally sound use of the computer in
the classroom. On the other hand, the
emergence of these materials will stimulate
the growth of the computer i{n instruction far
beyond expectation.

It is important to examine at this point a
framework of how the computer is used in
instruction today (see Exhibit A). I have-
grouped this usage into five major headings:

(a) Computer managed instruction;

(b) Data base retrieval;

(c) Computer assisted instructiony
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(d) Computer literacy;
(e) Multi-media management;

let me define my categories:

(a) Computer Managed Instruction: This category
includes those areas of instruction which

use the computer in a more traditional
format by keeping track of student progress;
scoring student responses and branching to
a prescribed lesson; comparing class and
school building performance; and other
record keeping and report generating
duties usually required of the classroom
teacher. The computer does not tecach the
student by showing the correct answer;
proper formula; correct spelling, etc.
Examples of computer managed instruction
are shown in Exhibits B and C.

(b) Data Base Retrieval: This area of com-—
puter usage is designed to provide the
student or teacher with a vast array of
information which can be searched through
key words or number coded characteristics.
One area, for example, would be to provide
the student doing research on a famous
author with all of the references available
in the school library; another to provide
a teacher with all of the films in the
school mediz center which discusses a
particular topic; another to provide the
student and guidance counselor with all
of the characteristics on post secondary
education and occupational titles. This
area will also experience further growth
in the distribution of data bases pro-
viding compatible reference data on certain
tests by grade level; age; and other
criteria necessary to measure school per-
formance. A data base retrieval example
is shown in Exhibit D.

(c) Computer Assisted Instruction: This area
utilizes the computer to react in a purely
teaching mode to the students input.
These programs can be constructed by the
teacher to cover a particular part of the
course such as Hewlett-Packard's Instruc-
tional Dialogue Facility; cr prewritten
by an author in basic courses such as
chemistry where most responses can be
predicted. An exampie of this applica-
tion is shown in Exhibit E.

(d) Computer Literacy: This area is well
defined by the previously mentioned

study done by the Committee on Computer
Education of the Conference Board of the
Mathematical Science. Their definition
states that a computer literacy course
should:

"“(a) Give the student enough understanding
about the way the computer works to
allow him to understand what computers
can and cannot do. Wherever possible,

* this should involve at lecast a minimum
of direct interaction with a computer,
primarily (at this level) through the
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use ~f appropriately pre-progranmed
applicacion packages.

(b) Include a wide sampling of the ways
in which computers are used in our
society, with non-nuzmeric as well as
numeric applications. The impact of
these various uses on the individual
should be made clear.

\¢) Introduce the notion of an algorithm,
and its representation by flow charts;
where time allows and as equipment
becomes available, discuss the manner
in which algorithms are represented
by programs and the way in which pr?-
grams are executed by machines". (1

Many of the computer programs stored for
instructional purposes today are designed
to familiarize the student with how the
compuier ®ay be used in a particular
subject. These are model programs pro-
viding the student with some basis to
write his own. (See Exhibit F)

(e) Multi-Media Management Index: This
application {s relatively new, but
growing quickly as new multi-media
techniques cmerge. In this case the
computer "script" with the student can
make reference to supporting “off-line"
materials such as video lectures on the
topic the student {s having a problem
with in his computer dialogue. These
off-line devices can be cassettes, film
strips, sound responders, television
sets or a combination of these elements.
The computer terminal can be designed
to actually actuate these devices.
These same devices may also be used
to rctain certain output data and re-
played for the teacher who wants to
scan the students interaction with the
systen.

Let me acknowledge at this point my five
groupings and definitions represent my own
experience ard analysis. The field we are
discussing today i{s moving so quickly that
ti.zre had been little formal research or
agreement on these areas. My purpose here
is to provide ome structure which hopefully
is convenient for educat:on computer center
managers to use in planning for their own
department and working with school faculrey,
adninistrators and school boards.

THE EMERGENCE OF TEXT MATERIALS

Many factors have contributed to the establisi.
ment of this izportant area:

(a) Some classivom teachers prepared materials
on a local level for use within their
school district maintaining the interest
level of the computer in instruction.

(b) Two very significant projects funded by
NSF -~ Huntington (I and II) and Project
Solo not only “exported’ their materials
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to interested districts, but delivered a
framework, or example, for other authors
to follow.

(c) Costs of instructional computing started
to decline as volume production was
introduced.

(d) The number of “"computer literate" faculty
at the secondary school has increased
significantly, and sufficient access aud
time to develop programs has been made
available in many school districts.

(e) The number of new faculty who have been
exposed to computing in the classroom
not only in college, but in their high
school days, i5 increasing rapidly.

(f) The number of sound instructional pre.-
grams appearing in new areas such as
chemistry and foreign languages has
stimulated teachers to evaluate the use
of these materials.

(g) Fipally, and perhaps the most important
factor, educational publishers have re-
cognized not only an opportunity in this
expanding market, but find some pressure
to defend their text adoptions by pro-
viding computer related materials.

The exact penetrat!on of classrocm computing
at the K-12 level is a very difficult figure,
but we estimate that in the fall of 1974 over
1,000 instructional computer systems were §ro-
viding service at the K-12 level for approxi-
mately 2,000 on-line access ports. These
instructional computers range from providing
one to over 60 simultaneous ports. In New
Jersey, for example, we estimate that there
are about 200 on-line ports used daily.

MANAGING THE INNOVATION

As I look at this continuing maturity and
growth of the computer in {nstructior from my
many visits and experiences over the past few
years, one important element is of key concern.
To insure economical and educationally sound
growth there is a serfous need for clearly
defined authority and responsibility for {ts
management. As I stated at the beginning of
this paper I think the educational computer
center manager will emerge as- the individual
whom most school districts will look to for
this leadership and direction.

There are many reasons for this opinion:

(a) Understanding of computer technology,
particularly the interface of peripherals,
will be a critical skill needed in this
function. For example, new student
terminals using voice response and home
television are being announced and field
tested.

(b) The traditional batch processing records

management function is already using
remote data collection devices and
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printers. It is a small step to capture
this data in the teaching process itself
using mark semse readers; cassetites; oOr
time sharing terminals directly.

(c) The managing function must be independent
of any one discipline to insure equal
sharing of the computer facility among
buildings; grade levels; and subjects.
Already many instructional computer
facilities are dominated by usage for
"college bound" curriculums.

.-) The important ingredient, the computer
software, or orogram, to support the
instructional program must be evaluated
by computer personnel to assure its
operation on their equipment. This
decision cannot be left to faculty.

(e) As more publishers and hardware vendors
introduce nev products the school district
must provide a clearinghouse as an
evaluation process for the various sales
forces calling oa the school district.

(f) School district budgets will require a
broader management role for its current
staff as it faces criticism of growing
overhead ratios. This factor will make
it difficult to have a separate manager
for this area.

(g) In those districis apparently succeeding
in integrating electronic publishing
the educational computer center manager
has taken charge. In many cases he is
stimulating orientation workshops in
instructional computing entrenching
his identity with this new area.

In closing my coamments I wuuld like to
describe some new objectives which the educa-
tional computer ccnter manager must meet to
insure his success in this new role:

(a) He must develop an acceptance by fellow
faculty members that he understands the
"realities" of the classroom - that
innovation is not easy particularly
with new, sophisticated hardware.

(b) He must insure that electronic and
computer terminnlogy should be avoided
in introducing new programs to the
students and faculty. Make it simple
and clerr.

(c) He should insure that the faculty
understands the purpose of these
devices is to enmhance the teaching
process and pot to replace it.

(d) He must understand that not all faculty
or students will utilize new technologies
immediately.

(e) He must insure that decisfons have been
made and techniques installed to insure
privacy of student and faculty informa-
tion in these new svsiems.
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(f) He must understand that if there is
limited time for teacher training many
misunderstandings will arise.

(g) He should establish a continuing evaluating
method of new programs through his own
professional associations such as NAUCAL.

Must of us here today are aware of the rate
of change in our industry. It will be a major
failure on our parts unless we can translate
electronic publishing into useful purposes.

In our case this purpose must be to enhance
the teaching process by extending these
techniques for better, faster and more econo-
mical instructional methods. I think it will
be your job to make it happen.
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Exhihit F

POLUT
WATER POLLUTION STUDY

ENSTRUCTIONS (1=YFS, 0an0)?1}

IV THIS STUDY YOU CAN SPECIFY THE FOLLOMINC CHARACTFhISIICSs -

A. THE KIND OF HODY OF WATFR:
1« LARCF POND
P. LAHCGE 1LaKF
3s SLOW-MOVINC kIVFR
4. FAa51-MOVINC RIVFK
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C. THF KIND OF VASTF DUMPED IN10 THE WATEhs
1. INDUSIRIAL
2¢ SFVACF

Do THE hATF OF DUMPINC OF WASTE, IN PARTS PER MILLION (PPM)/DAY.

Fe THF 1YPF OF TKFATMFNT OF THF wASIFs
0. NONF
le PHIMAKY (SEDIAFNTATION OF PASSACE THROUCH BINF
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?e SFCOVDARY (SAVD FILTFES Or THF ACTIVATFD SLUDCE
METHOD TO nFMOVUF DISSOLVED AND COLLOIDAL
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(12 XS TN Y N Y
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VATFR TEAPESMATURFY 70
KIND Nk LASTFYI
MMPING rATHTK
TYFF OF YFFAIMFNT?0
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T have buen acted to briefly discuss
some o my experienccy in preparing the
ten books of readings I have compiled. I took
that tnvitation to mean, describe the steps
tmolved in compilirg a book of readings.
However, before I deseribe the "how to" aspect,
I feel I should say something about why I
~tarted doing books 5f readings in the first
place.

What Purpose Is Served By Readings

In some of the comruter courses I was
teaching i» 1967 cd 1968, I was asaigning
chuapters for the students to read and then I
was lecturing to the students on the material
from those same chapiers. This repetition,
while of some elucational value, tended to make
those courses rather boring ani certainly was
not making effective use of the students’
time nor efforts.

To help broaden the courses and to
introduce an element of currentness in then,
T began assigning cutside articles for the
students to read. This not only put a strain
on the students’ time and on the library
Jacility, but also on me as I constantly had
te find new articles for them to review.

lext, in order to minimize the time
beirg wasted by the students in searching
out the assigned articles, and to spare the
library all the problems associated with
manu students seeking out the same articles
at the same time, I pur tegether a group of
twsenty or thisty periinent avticles and had
then reproduced for the students' use. This
rerpodiction o7 ta. wottrlog ovepzame the
students ' and Lidbras's yroblems, but
created new ones for me. The reproduction
coct o7 tuenty or thi~ty articles for
twenty or thirty st.aonts ws considerable,
tn jact so conmsideratle it was never
repeated. Also it was illegal.

The prohilit<n. .-t of reproducing the
articles, caused me t. concider compiling a
book of computer readings. I already had a
good start on compilin; a s«t of readings, but
having already gone tarough the very long and
time-consuming process of having had a book

COMPUTER READINGS

Edward 0. Joslin

rublished (Computer Selecticn 1 was reluctant
to go that route again. Especially, with a

book of readings, which was necessitated in part
by a need to present current information which
was missing in the prime textbook, bocause they
tad to go through the long and tirme consuming
publication process. Therefore, I started
searching for a publisher who would talk in terms
of a six month or less publication time.

Believe me there are few. Finally, I got
together with College Readings, Inc. (F. 0. Boz
2323, Arlington, Virginia 22202), my current
publisker, and that problem wes solved. It now
takes less than three months from the time I
submit the complete set of material until the
finisned text is printed and ready for distribu-
tion.

Having found a way around the long delays
tnvolved in most book publications, I once again
started to concentrate on compiling that first
book of readings - the steps of which I will be
discussing in just a moment.

But first, let me skip forward a fev years
and discusc some more of my cun experience to
show additiona: reasons why someone may be
interested In using a book of computer readings.,
The year is now 1969, I had already compiled
my first two books of readings (An Introduc*ios.
to _Computer Systems and Management and
Computer Systeme) and I was now asked to teach
a programwming course. I was appalled by what
I found. The prograrming course that I was to
teach was the only software course being given
the students. The course was designed to teach
the students how to progrmm a given machine,
and thus tc jive them a familiarity with program-
ming conceprs. But in no way did it even bea’n
to make the students aware of the bigger, more
tmportant, vorld of computer software, i.e.,
compilers, operating systens, application pro-
grams, etc. Therefore, I started compiling a
book on Software for Computer Systems. That
text is an example of a book which was compiled
to serve a very different purpose than the
assigned textbook - namely to go into areas not
even intended to be covered by the prime text.
But yet it was a supplement to the prime text.

Another example of the compilation and use
of a book of readings, is illustrated by my text

T A
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Aralusis, Desim ani Jelection of Computer
Systems. This text was designed in part to
serve as a replacement for my Corputer
Selection book, rather than go through the time
consuming process of veriaing it. [ rewrote
sorme chapters o that text as articles anld,
along with otaer articles, put them into my
eorpilation on the cub/ret. Thus, that eom-
pilation is being uced in many courses as the
only text - if the emphasis is on selection.
In this case the compilation is the only text
available on the subject. The vehicle of a
book of readinge sas ucel rather than a nowral
authored text because [t could be published
ruch morve quickly.

Thus, From my oww exrerience, I have
atterpted to show three uses of books of readings:
1) to supplerent and bdring currentness to an
existing course; 2) to broaden (by bringing a
Jull new area o] coverare - as in the software
case); and 3) to use as a prime text in areas
not cvwred, or not 2overed ar well, by other
texts.

Having now coen w0 and why compilations
might be used, lot me roturn to telling you some-
thing o) what iz involowd in compiling a book of
readings.

Steps In Compiling A Readings Book

Firet, 17 you are »crpiling the book as a
reans o) making a smull ortune, forget it.

Tike up collecting erpty soda bottles or picking
gripes, gou will stanl 1 better chance of making
your Fortunc.

Second, now tnat sou do not need to worry
about sharing gour [Urrane, scek out a co-compiler.
You will need hir (or her) to broaden your
seope and to share the Jorx.

Thipd, determine tae needc for tné book
gou have in mind. In ru cace, since I was into
realings bovoxs already, I Jdldmy Joctorial
diocertation o] "Zomruter Education: College
I, Forings and Industry'. Pejuirements”. In so
oing I survegyed more tran 2009 colleges and
untoersities to Jdetermine what Jdata processing
courses they were o ering. [ also surveyed
more than 1500 companies to determine what they
were seeking in the way 0" data processing
education. Az 1 result 0, those survews an
interesting fact develore . Industry wac very
interested in having ite prospective employees
familiar uyith various aprlications of computer
suctems, but the enil-y o were not offering
manu courses walen 1! that. One o7 the reasons
the course wrs nol being offerel by the colleges
was that there was no suitable text. Veedless
to Sy, I attermte! to tabe care o) tnat
sicuation with a text e :itled, Applications
o) Computer JSystemc. Toxt text was compiled
as a supplemental text or use in an intro-
quetory course.

Fourtn, a deter—i.:t"-r needs to be made
w to tre intende ! uce o the text. Is it
primarily intenlel as a supplemental text or as
a primary text?
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Fifth, some attempt must be made to determine
the market potential for the text. You may feel
there is a erying need for a text on "Data
Security". But if the book were prepared as a
textbook, would there be sujficient demand to
warrant its publication.

Sixth, outline the subject areas that should
be covered. One thing to remember in any such
outline, is o make it broader than your own needs
vould dictate. Not everybody will see the needs
as you do, some areas you may consider trivial
will be sought by others, while they are skippin;
areas you consider critical. A book, particularly
a book of readings, needs to be broad in coverage.

Seventh, seek out a publisher. I recommend
College Readings Inc., who specializes in readings
books, but there are others. Check to see how
long it will take to publish the book once you
supply all the materials.

Fighth, start selecting articles that cover
the subject areas you want covered. In my
selection of articles I stress '"eurrentness
along with "content"”. If the article is not
current, but it has good content, I have a tend-
ency to assume that its content will be picked
up in some recently authored text, and therefore
I will continue searching for current articles
with good content.

"

right

Vinth, search out some of the less common
publications.

Tenth, start preparing, or having prepared,
some special articles for the areas you want
covered, but for which you could not find any
good or current articles. The more specialized
your subject areas, the more likely wou'll have
to author some of the articles. These authored
articles tend to take aq long time to produce
and eclean up.

Fleventh, start oftaining permission to use
the articles you have sclected, and do not count
on any article wntil you have secured the neces-
sarv permission to use {t. Permission will
Frueauently be denied because the autnor ia using
the material in a boct he i3 prepaving himself .
Sometimes the p.blishecr or a#tior will ask a
fee so otrageous that you can not afrord to use
the article. (I have hal several rejuests for
£500.00 to £110°.00 per article - and I use from
fortu to fifty articles per book.)

Twelith, now at a point in time much later
taan you ever believed pocsible (it takes a long
t'me to write, op have wpitten, article: and a
long time for some permissions to come tihrowal,
erpeciallu wien you have to track Jowm sum~ of
the authors), take the articles for which you
have received permissions and the articles you
wrote, or hal written, and see what Find of book
you are ending up with.

Thirteenth, 1) the prostructurel book ic s*ill
worth publishing, deliver it and the permissiors
to uar all tre avticles to the rublicner.
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Fourteenth, stand-t. to review the puge
proofs of the text anl use them to prepare an
idexr for the boox.

Fifreenth, u> . nmwiication of the text,
be vorn humbiz onoaccenting any priise you
miy re-tve Jor havieg compiled a boor of
readinis. It is nec~rsary to maintain the
lumble attitude becaise in the majority of
the cases 7 which you received the praise,
the next santence will probably be '"But why
did you, or did you rot, include the articles:
voeos s and if that Joes not make you feel
humble, Jjust wait until you receive your [first
"re

Congratulations” follcwed by a "But then it
ic only a compilation of other people's work".
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Bools ‘xpiled by Joslin joo Colleye Readings In.'.

An Imtroduction to Computer Spstens, 1965, 1972
and 1925,

Maragement and omputer System., 197C and 1973.
Software for Computer Systems, 1970.

Analysis, Desizn and Selection of Computer Systems
1971 and 1974.

Applications of Computer Systems, 1974.

Computer Readinge for Moking It Count, 1974.
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USE OF COMPUTERS FOR INSTRUCTION
IN THF PHILADELPHIA SCHOOLS

SYLVIA CHARP, DIRECTOR
SCHOOL DISTRICT OF PHILADELPHIA

PANELISTS:

Svlvia Charp, School District of Philadelphia
Henry Altschuler, School District of Philadelphia
Richard D'Orazio, School District of Philadelphia

The School District has been involved with the use of computers for imstruction
for the past ten years. Many programs have been initiated during the period. These
programs cover the areas of computer-assisted, computer-managed instruction, and pro-
blem-solving. 1The panelists will discuss their experiences and offer suggestions to
other schools considering use of the computer.

40
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OTIS:

Information System for Oregon HEducators;

Inctruct ional Computing for Oregon Students

Jill van't Roer
Oregon fotal Information System

In the mid-si<ifes Orepen had no large and com-
prehensive educaticral data processing system. 1In

1966 a government planning grant initiated the pro-

ject which was t> become Oregon Total Information
System; in May, 1968, OTIS began providing data
processing <ervices from {ts central locatiown in
Eugere, Oregon, primarily to schools in the sur-
rounding county (lanc).

Today OTS has hecome a successful, completely
user funded cooperative of school districts ad-
ministered by the Lane County Intermediate Edu-
cation District (IFD). The Lane IED Superinten-
dent is Dr. William C. Jones; OTIS’ Director is
Robert L. Dusenberrv.
systems (elementarv, .ccondary, some community
colleges) and educatfonal agencies throughout
Oregon with adminjstrative and instructioaal ser-
vices.

OTIS' systems are designed for its users; its
services are utilized efficiently and creatively
by school personnel, using terminals at their
own buildings, without the necessity of any more
data processing knowledge than that which they
car get from manuals supplied by OTIS. Clerks
and business officers input and update informa-
tion to their files in the financial accounting,
payroll, personne! and inventory systems, and
reports are generated from their input. Students
are enrolled, graded, and scheduled by OTIS;
attendance reports are run from terminal input,
and inquiry capabilities make the information in
individual files always immediately available.
OTIS' on-line Query Svstem allows the user to
create his own reports: using a Query manual of
statements he can search files and extract per-
tinent facts and so 1dapt reports to conform to
his specifications. Students can learn BASIC, a
programming language, write their own programs,
store them and rerun them as often as they wish.
Instructfonal media center personnel can use a
terminal transaction to book materials, and the
booking is immediately confirmed for the re-
quested date, or if it is not available, the
user is informed of the next date it will be.

Through the teleprocessing network schools can
access the IBM S/360 model 50 with Ampex aad-on
fast core, which hollds administrative services
files, or the two Hewlett-Packard 2000F computers
used for instructional services, and can be
switched from one machine to another by the

0T1S serves disparate schocl
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GTt 1S1101.* The General Education Management
System (GEMS), an OTIS software system, is a
system of integrated datz files with two sets of
control tables and a set of generalized processing
prograns. GEMS makes it possible for each user to
define and maintain only the data storage and pro-
cessing that he requires and to change his defini-
tions as his needs for information change.

OT1S SERVICES - Administrative

tave OT'S' secvices grown and become increasingly
sophisticated because increasing user needs have
made it necessarv, or has usage of the system
grewn because new and more comprehensive services
have become available? An unanswerable question.
Perhaps OTIS’ success is due to the great need
recognized by Oregon school personnel for a large
data processing system, or perhaps OTIS' success

is due in large part to its creative staff members,
who have developed original software and many modi-

fications to existing software during the establish-

ment and expansion of OTIS' many services.

The emphasis of 0TIS' first year of operation
(1968-69) was on Student Services. Some software
had been developed by Lane Intermediate FEducation
District personnel, some from vendors. The three
main working systems were testing, enrollment, and
mark reporting. The attendance system, totally
developed at OTIS, was in jts formative stages,
and the completed system was debugged and usable
by 1971.

tducational Coordinates’ (iC) scheduling svstem

and the Student Scheduling System (3S) are both
used at OT1S. In 1968 OTIS gathered data and sent
1t to EC for input; in 1969 OTIS acquired EC's
library of soitware and could do all the scheduling
in-house. A loader program from IBM started the

3S system, which has been modified extensively.
OTIS staff developed an arena scheduling system
which was implemented in 1971. As scheduling needs
have changed so have systems. In the last five
vears there has been a dramatic move away from
structured, standard scheduling, and OTIS has modi-
fied its systems to allow for a large variance in
scheduling applications.

*See Computerworld, July 31, 1974, pages S11-S12,
for a more complete discussion on OTIS software
modifications to the GTE 1S1101.
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By the end of 1972 the Student Services system
was functional and completely implemented. The
systems have since evolved to allow great flexi-
bility in types of out»ut. Student body rosters
or mailing labels, for example, can be printed
alpha by grade, by teacher, by sex, etc. Lahkels
for tenth grade boys or a iist of ninth grade
members of the band can be generated easily.

The Query System has beer under development since
the fall of 1968. The original system, conceived
by an IBM analyst, was slow and inflexible, with
little choice in sorr order. Priority was given
to increasing the speed of the system, finding
means of developing the most useable sorted out-
put, and allowing the user to specify what sort
order he wished. As data becomes large, the sort
order is more important; a non-alphabetical list
of all boys in a 1000 student school would have
been unwieldy and probably unusable. This year,
1974-75, the Query System is dependable, efficient,
and is on-line. The user can enter his query via
terminal and will get his report back om the ter-
minal the same day, sometimes almost immediately.

A new system at OTIS i a automated record keeping
system developed to accomodate Oregon's high school
graduation requirement<. The State Department of
Education has directed that certain requirements
be met by students in Oregon schools: In order

to graduate from high school a student must prove
minimum survival level competencies in three gen-
eral areas - personal Jevelopment, social respon-
sibility and vocational education. ‘'Minimum sur-
vival level competencies” have been described by
an Oregon educator as "what you have to know in
order not to be taken too badly or too oftem."”
Since each district develops and evaluates its

own competency levels, the record keeping system
has had to be extremely flexible to allow for
large individual user needs. The system offers
individual district cptions un definitions of com-
petencies, multiple-check status of competencies,
types of input, and types of reports. This year
three districts of varving sizes and problems are
piloting the system.

Business Services provided access to a payroll and
a fiscal system its first year (1968), and to an
inventory system, which was used by only four dis-
tricts.

Payroll information was input by batch processing
at the computer center [now it is completely on-
line; i.e., district clerks input all the infor-
mation needed from their own terminals), and pre-
cessing of both payroll amd fiscal report runs

was set up on demand rather tham on a schedule.
Processing was slow, and OTIS staff members spent
many extra hours keeping the system running smooth-
ly. In the 1974-75 school year 56 districts use
the system, and nightly processing runs are sched-
uled. In 1969, on occasion, one job could take
fourteen hours. DNow the total run (processing for
56 districts) will take 1/2 to 1 1/2 hours to
process.

The Business Services systems have been completely
designed by OTIS staff members in conjunction with
users. This year services include fiscal, payroll,
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personnel, inventory and cafeteria inventory account-
ing systems, which produce over 50 different kinds
of reports. Query capabilities are also available.

The newest application is the processing systeh
devcloped to accomodate Handbook 11 (revised), an
dccounting system established by the federal govern-
ment for school districts. All schools must use

the new system by the 1976-77 school year, and the
OTIS system is now 90% complete.

In 1972-73 a pilot district used the Handbook II
(revised) accounting system, and with modifications
OTIS' processing system is now used in seven dis-
tricts, with thirty expected on in 1975-76. All
OTIS Business Services user districts will be ready
to use Handbook II (revised) in 1976-77.

OTIS SERVICES - Imnstructional

In 1969 OTIS instituted an instructional computing
system called RAX (Remote Access Computing System).
Users could access it for only two hours, on Tues-
day and Thursday, {rom 5-7 p.m., when teleprocessing
was down, because it needed to take vver the whole
1BM 360 system to work. Few terminals used the
system, and it was not very successful in terms of
convenience, so in 1971 ITF (Interactive Terminal
Facility) was begun. It could be run during the
day and offered problem solving and a method of
teaching programming to students. Hcwever, the

ITF system caused problems: It often interfered
with teleprocessing and brought the system down,
and the turnaround time was extremely slow. There
were few canned programs available, and users found
the system too limited and undependable.

In 1972 OTIS acquired an HP 2000F computer for in-
structional vse, and a GTE 1S1101 to provide inter-
face between the IBM system and the HP. Thus ad-
ministrative services users can also use the in
structional system from the same terminal. The
system has 32 ports available for use 24 hours per
day, and uvsers pay $3.00 per terminal howr for its
use. This fall 0TIS has acquired another HP 2000F
with option 205 to accomodate increased instruc-
tional use. OTIS' instructional computing system
serves 42 districts, who used approximately 30,000
terninal hours last year.

Instructional Services currently available include
the Computer Related Instruction System (CRIS), the
Occupational Information Access System (0IAS) and
the OTIS Automated Library System (OALS). CRIS and
01AS use the Hewlett-Packards, OALS uses the I3BM
GEMS system.

OALS' booking and scheduling system, a service con-

tracted by the Lame IED - Instructional Media Cen-
ter (IMC), and available to Lane County teachers,
students and librarians, schedules over 12,000 dis-
crete print and non-print items for use in schools.
The system is on-line and produces operation and
usage reports as needed.

The non-print evaluation system is also used in
Lane County. Teachers preview and code evaluations
of IMC materials in areas of their specialty, and
evaluation reports are available for the IED to use
in the decision-making process concerning acquisi-
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tions. A report can be sent to schools which lists
ftems recommended «s useful in different areas, as
well as those deemed not useful. Pricing figures
and vendors®' names are llsted.

The book catalog system, used by several county
1¥D's, manipulates input of bibliographic data,
subject headings, annotative information and call
numbers to make bool. catalogs, replacing much of
the labor of manual card catalog systems.

I.iterature searches of current educatfonal reports,
monographs and journal entries, called ERIC
searches, are available to users through the 0ALS
system. OTIS processes nearly 100 searches each
month,

CRIS provides instructional computing for all areas
of a school's curriculum. CRIS users access over
400 canned programs, such as drill and practice in
math, reading and language arts, simulations and
games. The system offers problem solving in BASIC
for students to learn programming. Computer as-
sisted instruction (CAl) in reading, mathematics
and language arts on the elementary level is being
piloted this year at Blossum Gulch Klementary
School in Coos Bay and plans are underway for a
program at Chemawa Indfan School.

Software from the Computer Curriculum Corporation
(ccc) is used for CAl at the elementary school.
Eight terminals at Blossum Culch are connected to
OTIS, and a reading project began this fall. 100
students per day use the system.

CAl is an "exchange of informatfon between com-

puter and student” according to CCC literature.

It {s aimed at students with a low level of per-
formance; the curriculum for each student "will

be at a level appropriate to his achievement in

each learning area" so each student has the op-

portunity to learn at his own level and his own

speed. The program provides remedial assistance
fn the form of progressive drill and practice.

There are advantages to this type of reading and
language arts program for remedial students.
There {s no discipline involved, no teacher dis-
approval, no necessity to perform for others, and
wrong answers won't hurt. The student will have
nothing to lose, and it might even be fum.

chemawa Indian School, an alternmative school ad-
ministered under the Bureau of Indian Affairs, is
planning a large program in computer assisted
instruction in reading and language arts to begin
March 1975. Chemawa i{s an of f-reservation boarding
school for dropouts and students expelled from
other schools, located in Salem, Oregon, with
students from Oregon, Washington, ldaho and Alaska.
Counseling and vocational training are emphasized,
and students are given a chance to acquire skills
they have missed in the formal educational en-
vironment.

Chemawa students have not performed well in

reading and language arts examinations; according
to Chemawa administration, causes for this include
lack of time for sufficient individualized instruc-—
tion and low student motivation caused by past
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educational experiences. CAI will eive individual
drill every day, and will be an entirely different
educational experience for the students. The pro-
ject will fuvolve the use of 32 terminals, another
HP 2000F at OT1S, and students will use CAI during
the day and evening.

0IAS is a computerized vocational counseling pro-
gram. Through a questionnaire a student answers
questions and states preferences, then possible
occupations are presented which correspond to the
personaiity profile suggested by the questionnaire
results., Detafled information on each occupation
is produced upon demand. One can ask for a job
abstract, which describes job duties, working con-
ditions, salary range, turnover rates, qualifica-
tions for the job, employment prospects and other
pertinent facts. Qualitative information is inclu-
ded in this job abstract; for example, the job des-
cription for college teacher states that one must
have the ability to work with abstract concepts,
have self-discipline and good judgment.

Through the INFO files one can also get a biblio-
graphy of occupational books, find out how people
prepare for the occupation, get a list of courses,
degrees and schools for an education or training
program, compare the services and costs of schools
and get the names of people for persomal discussion
about the occupations.

The vocational counseling program is jointly admin-
{stered by OTIS and the Career Information System,
an interagency consortium providing vocational in-
formation, located at the University of Oregon.

0IAS use is expanding. The Oregon State Correc-
tional Institution and Oregon State Penitentiary
now offer the system for their inmates. lane County
data processing personnel are currently working on
software to accomodate OIAS on their network. The
county organization plans to be able to switch on

to the vocational counseling system and use it for
jails and social service agencies.

OT1S has grown and changed considerably since 1968.
Its charges have lowered from $8.80 per student for
complete administrative services to $7.00. The
student base of user districts and educational
agencies has raised from 65,000 to 150,000, from

28 school districts to 72. OTIS is financially
stable and operationally sophisticated, and its
services become constantly more varied and complex.

To offer complex services, one must balance them
with a sophisticated data base - an education pro-
cess is continually necessary to train new district
or school employeces and explain new services, so
they can be efficiently and productively used. To
facilitate this balance OTIS has a knowledgeable
field service staff and a system of data processing
coordinators.

Cooperation and communicatior between users and OTIS
are important, to keep misunderstandings down and
user operations running smoothly. The data pro-
cessing coordinators work as liaison between dis-
tricts and OTIS. Each district's coordinator
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assists in training ¢f users and compunication of
district gesfrtes and necds. Coordinators meet
periodically to discuss problems, new services
and procedure.

OTIS' field service taff, each person an expert
in a specific service and with a general-working
knowledge of all seriices, is a direct communica-
tion line between uscr and 0TIS. When a school
comes on the OTIS data processing system a repre-
sentative of each service area shows him how and
why the system works. When districts need help,
or hire new personnel, field service staff people
are ready to smooth the way.

Users from fourteen «ounties in Oregon are served

by OTIS through over 200 terminals. Representatives
from county and district educational organizations
throughout the state make up OTIS' Advlsory Com-
mittee, which is coasulted on important peolicy
matters and system developnent.

In terms of upgrading quality and furthering
equality of education, OTIS' impact on Oregon
school systems has been great. Clerical duties
are minimized at school and district level; edu-
cators have more time for students. and students
have access to instructional computling systems.
A district with 200 students can get the same
types of reports and information as a large dis-
trict, with more stud2nts and a rarger tax base.
Only a few districts could afforu t> provide the
services OTIS can proside; through .2 on-line
teleprocessing system all school districts have
an equal opportunity to avail themselves of data
processing and instructional services.

OTI3 HARDWARE

Computers

1 1BM S/360 model 30 with Ampex add-on fast core
1 GTE 151101 Computer
2 2000F Hewlett-Packard Computers

ve

Input/Output Devices

4 2400 Saries Magnetic Tape Units

2 2314 pirect Access Storage Facilities
1 2321 pata Cell Drive, Model 1

1 2540 Card Read Punch

1 1403 Printer, Model N1

3 Double Density Disk Drives

Ji11 Van't Roer

Oregon Total Information System
354 East 40th

Eugene, Oregon 97405

March, 1975
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NEW JERSEY'S SYSTE FOR BRINGING
DATA ELEMENTS AND ITEMS UNDLR CONTROL

Dr. R. Kay !ftaloney
Graduate School of Library Service
Rutgers University

Tae ilew Jersey State epartment of Education
{SJ£) has a problem -- a data control problem. in
1862, reports from Town Superintendents to the
State Superintendent of Public Instruction in MNew
Jersey contained only 26 items. In 1973, an in-
ventory of the data item$ collected by SDE reveal-
ed tnat tae total was in the neignboriood of 26,000
items, an average increase of well over 2,000 new
items per decade. If SDE files were to record in-
formation from tue 600 scnool districts and 2,400
scnools in tue state and if thhs data were retain-
ed for a minimum of three years, the volume of
data stered would be over 15,000,000 items from
scaool districts and 60,000,000 from local scnools,
for a tatal of more tnan 75,000,000 items per year
-- just under a quarter of a billion data items
for tne turee-year period. Ffurtiermore, tnese fiq-
ures apply only to data collected from the elemen-
tary and secondary scinools in llew Jersey.

The lew Jersey State Department of Education
has a second problem -- a leqislative problem.
During the first half of calendar 1974, SDE was
asked to comment on more than 100 pieces of pro-
posed legislation; it was also asked to submit es-
timates of what tne leqgislation would cost if enac-
ted for at least two succeedina years. Since
lenislation is proposed by persons from n@ny bach-
qrounds, the Lills frequently uyse words and defi-
mitions that would not Le considered Sstandard ter-
mnology Ly educators. However, if a bill becomes
taw, tue words or terms tnerein must be used as
stipulated, regardless of whether educators accept
the terminoloqy as standard in their field.

The impact of these two problem areas on data
collection, processing, and retrieval is enormous.
On toe one nand, we must deal with storage and
control of vazt files of statistical data. On the
otaer hand, tne Jata store must be accessible to
educators and legislators alike throug. terminol-
0gy that communicates tne same meaning to both
qroups of users. [t is rather obvious that a sys-
tew for control of educational data is necessary
to resolve these problems.

Whenever large files of information must be
stored and manipulated 1t 15 reasonable to examine
tne potential of computer technology to create the
files and to access tne information. SDf has ac-
cess to a state-wide computer network that can be
used to maintain a central file of educational
data. Furthermore, a 1973 survey of lew Jersey's
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600 public school districts showus that 208 dis-
tricts, servina nearly 70 percent of the total
school population in the state, use some form of
automatic data processing equipment to process
their records. ‘lell over half of these districts
own or lease their equipment.l

it is apparent that local educational units
are already using automatic data processing in an
effort to cope with increased data reporting re-
quirements. Unless SDE coordinates data control
by providing a state-wide System, it is likely
that independent local systems will proliferate,
without concern for compatibility with other sys-
tems in operation in the state or nation.

lle have established that the llew Jersey State
Department of Education is responsible for collec-
ting extensive data from New Jersey schools for
use at both the federal and state levels. Since
the collection of this data oriqinates from a num-
ber of departments within SDE, unless a specific
effort is made either (1) to coordinate all data
gatherina throuah one office, or (2) for each de-
partment to confer with every other one before
data is collected, unnecessary duplication of in-
formation and effort is inevitable. In addition,
if no standardized terminology is available for
use in collectina data, differing terminology be-
tween forms an{ differina interpretations of what
information is to be recorded affect the consis-
tency and therefore the reliatality of data actu-
ally collected. ot only is the validity of eval-
uating or comparina such data called into question
but the communication of information under Such
conditions is unreliable.

1t would not be sufficient for SDE's purposes
merely to "clean up" the data collecting process
and its resultant data. It is equally important
to improve and to expand the access to the data
collected. At present, access to data gathered is
limited primarily to those wno collect it -- not
Lecause of a desire to restrict access to the in-
formation, but because of the lack of a central
system for storaae and retrieval of the data. It
15 especially difficult for those persons respon-
sible for providina the data in the first place

1 naydos, Irvan A. Survey of MHew Jersey Public
5chool Districts Usina Data Processina Equipment-
ment. Trenton, [i.J., State Department of Educa-
tion, Aoril 1973.
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to retrieve datas of interest to taem. This problen
is not unique tc Hew Jerszy. A recent issue of
ERIC's Intercnange indicates the extent of concern
for expanded access to educational information:

The teacaer in the rural school must
be provided the same retrieval opportunity
as the professor of a large university. A
superintendent in a district must have the
same access to ERIC as the graduate stu-
dent laboring on his Ph.D. dissertation.
A major thrust to provide for these needs
must soon surface on a national level --
or a kingdom may someday be lost for lack
of a nail.

SOE recognizes the need for an educational
data control system: (1) to facilitate efficient
storage and expanded retrieval of data collected;
(2) to reduce to a minimum the collection of du-
plicate data; (3) to 1~prove the precision with
which data is requested and therefore the relia-
bility of the data its21f.

In order to meet these objectives it was de-
cided: (1) to plan a canputer-based system for
storage and retrieval of educational data, with an
on-line, multiple terminal capability both for re-
cording data into the system and for retrieving
data from the system: (2) to develop a standardized
terminology, comparable to the extent reasonable
with professiona2l and 7ational trends, for collec-
tion, storage, and retrieval of the data; (3) to
provide an indexing structure that will serve as
an organizational fram2 of reference for both stor-
age and retrieval of tie actual data.

Thus DEIC -~ lev Jersey's system for bringing
educational Jata Elements and Items under Control
-- was born.

A project of this scope requires expertise
from a variety of disciplines -- education, infor-
mation science, computer technoloay. The research
component of DEIC reflects these backarounds. As
financial resources for the project became avail-
able, SDE approached the Rutqers University Grad-
uate School of Library Service with a research
grant proposal that would fund the first phase of
development of an indexina Structure and a Stan-
dardized vocabulary. In October 1974, the re-
search team was in fuil operation with the fol-
lowing primary personnel: Dr. R. Kay 'laloney,
Project Director, witn research experience in
subject analysis and computer-based information
systems; Kay .lcGinty, full-time research associate,
with experience in social science research; Irvin
Gaydos, Assistant virector, O0ffice of Research
Information, and iiai15on to the DEIC Project for
SOE; Barbara Smey. candidate for the Ed.J. at
Autgers, serving an educetional internship on the
project.

Our metnodology really follows a proaression
tnat evolves naturally when one takes the time to
examine fully the obje« tives of the JEIC Project.
First, we must identify wnat data is actually be-
ing collected. lext we must organize that data

2 Lind, A.D. “Automated Jata Retrieval Inter-
face Systems (ADRIS).” Interchanae, “arch 1974,
attachment #3, p. 2.
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for storage. Finally, we must irdex the data so
it can be retrieved at a later date.

Identifying the data collected necessitates
ourt securing copies of every form being distribu-
ted by each of the departments of SDE that is to
be incorporated into the data base. (There are
approximately 450 forms, though this is a con-
stantly chanaing component of the system.) It is
then necessary to identify every single request
for data on each of these forms. We call this
sinale unit of information a data item. The key-
word indexina approach was used to create a work-
inao file of the data itemS appearina on SDE forms.
Even from this rouah data base we have been able
to identify a 25 percent rate of exact: duplication
of data items. (It should be kept in mind that
some duplication is necessary and desirable.) Al-
though we do not have precise statistical data as
yet as to the extent of synonymous but not exactly-
worded data items, it is our feeling that another
10 percent may fall into this category.

Developina a viable indexinn Structure that
will serve as an organizatinnal framework for the
system requires one to take a hard look at exactly
what information might be needed in the future and
thus must be stored. The data item is not suffi-
cient. Thus far we have isolated six pieces of
information for each data item that we consider
essential to be stored in the system: (1) a des-
cription, in our standardized terminology, of the
data item requested; (2) the statistic (the "“an-
swer") collected; (3) the geographic and/or school
unit givina the data; (4) the time span that the
statistic collected represents; (5) identification
of the form on which the data item appears; (6)
the £»1lecting agency within SDE. Other informa-
tion necessary for system operation is also in-
cluded, but is not aermane to this discussion.

Crucial to the whole project is the develop~
ment of a standardized terminoloay, for 1t deter-
mines how data items will be described both at
the point of storina data ir the system and at the
point of accessing the information in the system.
The DEIC Project Team feels that it is particular-
ly important that any terminology used in the Sys-
tem reflects prnfessional acceptance and iS com-
patible with other educational information Systems.
Tnis is not an easy qoal for many reasons, one of
which is the lack of agreement among professional
sources. MNor is it a finite goal. Terminology is
always in a state of cnange, and the need for a
system that can accept continual updating nas been
a mjor consideration in the designing of this
data system. We have decided to base our standard-
jzed terminology and working definitions on the
U.S5.0.E. handbool. series, with reference to the
ERIC Thesaurus, YICHE 'lanagement Information Sys-
tems Program technical reports, and Good's Dic-
tionary of Education. For example, any financial
statistics collected by SDE have been examined to
see if terms defined in the federal handbook on
finance and accountina (Handbook I11) can be used
to index the data items. Tne other sources men-
tioned are checked if there is confusion among
terms or if there is no term in the Handbook to
represent the concept. 'le work with blocks of
subject-related data items, so that the standard-
jzed terminoloay will reflect subject relation-
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ships amonq terms within a subject area and so
tnat clarification of scope or context can be pro-
vided as needed.

The oroduct of this phase of the DEIC Pro-
ject will be a thesaurus. One part of the thesau-
rus will display in outline form for various sub-
ject areas the scope, context, and interrela-
tionships of all those terms that can be used to
retrieve data on a particular subject. It wiil
also indicate the codes to be used to retrieve
tae data desired. Part Two will be an alphabet-
jcal index of standardized <earch terms and syno-
nymous terms that will direct the user to the
appropriate place in the outline. The thesaurus
w11l also include guidelines as to how the the-
saurus is to be used (1) to enter data into the
system, and (2) to search the system for specific
information.

we already have segments of proposed termino-
logy in first draft, and are entering a pre-test
stage of the research, where we are applying our
terminology and indexing system to a sample of
forms distributed by SDE. We anticipate that re-
worhing the vocabulary and debugqing the system
will be a lengthy and frustratir- process. How-
ever, we are approachina it on a >eqment-by-seqment
basis; after one segment is tested and revised,
the corresponding data can be entered into the
system for immediate use. This process will also
constitute the revising and updating procedure
necessary to maintain a current and valid file of
information.

Unat oroblems have we encountered? Ue've been
plagued with all the usual challenges of creatina
standardized terminology -- synonym control, mul-
tiple meanings for single words, choosing from
among several terms expressing the same conceot,
changina terminology. iIn addition, the data base
jtself has contributed its share of unique posers.
Context is particularly troublesome. Removina
the data item from the comfortable nest provided
by tne form often produces a baby bird with an
identity crisis. Not only can it not "fly” alone,
you can't even be sure whether you are observina
a grounded sparrow or wren. For this reason we
try to provide context by recording such supple-
mental information as collectina agency, cover-
age dates, and even additional subject informa-
tion 1n the jndexing terminoloqy used to describe
tne data 1tem. d

Persons creating tae forms tend to ask for wn-
formation 1n phraseoloqy tiney tnink the person
f1111ng out tne form will understand. As a result,
two conditions arise. The paraseoloay used on the
form may express tne need for information in cir-
curtous ratner tnan the strarghtforward terms used
to record tne data into the system. A very simple
example of tmis is a frequent request for "The
number of students in proaram.” lith the
possible exception of tae name of the proqram, not
a single vord n that data 1tem is significant for
indexing purposes. Fortunately we can recoqgnize
quite easily tne concept vehind the request --
enrollment (1t’'s not so Simple in otner instances).
Tne fact remains, however, tnat tae phrasina in the
data 1tem cannot be used for indexing purposes.

Aruitoxt provided by Eic:
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This is compounded when different forms may
ash for similar information in different phrase-
oloqy. For example, Form C may ask for total en-
rollment in the district's junior hish school (in-
cidentally, -persons supplyira this data from sy5-
tems on 8-4, 6-2-4, and 6-3-3 plans may interpret
this request differently), Form D may ask for the
number of students in seventh and eiahth qrades
within the svstem, while Form E may ask for Dro-
jected enrollment in the first two years of hign
school in the district two years hence. All may
be wanting essentially the same information.

For many aood, and some not so gdod, reasons
forms frequently become obsolete or are replaced
with revised forms at SDE. A major concern of
OEIC is file maintenance -- adding new data and
reflectina that addition in the standardized ter-
minology of the system, and deleting obsolete in-
formation and terminology from the system. For
the revision component of the system, we intend to
follow essentially the same procedure as is being
used to develop the thesaurus. Rather than work-
ing with subject blocks, however, we plan to re-
vise on a form-by-form basis; our file organization
is flexible enough to provide for both subject and
form approach. Our retrieval code is an open-ended
one, so that additions to it do not require recod-
ing of materials already in the system.

\le see many contributions that DEIC can make
to educational data control in New Jersey. HWe have
already mentioned that standardizina terminology
used in data collection and retrieval should result
in more precision in fillina out forms and there-
fore should provide more reliable data. In addi-
tion, the resultina thesaurus will be useful as a
auide to filling out forms and accessing the data
base efficiently and accurately.

Futhermore, the project will facilitate the
creation of a computerized data base, accessible
by any personnel authorized to examine the data.
By coordinatina the SDE data collection efforts
within the frameworh of professional and national
efforts, teachers at the local level and federal
educational administrators alike can work with min-
jmal additional instruction in the state or nation-
al educational information systems that are or may
becone available.

Finally, the vehicle used for data collection
will be directly affected. In the future, phrase-
oloqy used in requesting information should reflect
the standardized terminoloay. As duplicate and
synonymous requests are identified, there should
be a correspondina reduction in the actual data
items included on various forms. It is reasonable
to evnect that frequently "new" information needed
bv SOE would already be stored and thus retrievable
from the system, eliminatinc the need for creatina
a new form to collect the information. A logical,
thouah lona-term, benefit of this project is com-
puterized preparation of data-collection forms
used by SDE. Uhen direct computer access becomes
available at the local level, there is the poten-
tial for directly requesting and enterina data
through the system as needed, thereby eliminating
entirely the handlina of forms.

P~
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A STATE LEVEL EDUCATION MANPOWER INFORMATION SYSTEM

John J. Stiglmeier, Ph.D.

Director

Information Center on Education
New York State Education Department

Michael E. Mirsky, Ph.D.

Assistant in Educational Data Systems
Information Center on Education

New York State Education Department

In 1972 a vear-long study was undertaken
by the New York State Education Department to
plan for the development of a statewide informa-
tion system based on existing education manpower
statistical data. The stud=, supported by a
U.S. Office of Fducation grant, was conducted
by the Department's Information Center on
Education. The results of this vear-long
effort have been compiled in a planning document
entitled A Plan for the Development of a
Comprehensive Educazional Manpewer Information
System for New York State. The system (EMIS)
is designed to encompass historical, contempo-
rary and future data on educational manpower
(EM) including public school classroom teachers,
pupil personnel services specialists, and
supervisory and administrative personnel. It
contains data on individuals who have been
certified in New York State since 1970 or who
have been emploved in New York State public
schools during the same time span. EMIS is
designed to provide precise and timely
information in the following areas:

1) the existing educational manpower in
nubliz eiewentary and secondary
schools;

2) the potential pool of educational
manpower produced bv teacher training
institutions;

3) the potential pool of educational
manpower included in the teacher
certification files who are not
presentlv emploved in a school
svstem;

4) the turnover rates of educational
manpower in all sectors of the
publjc «lementarv and secondary
education svstem.

The system will serve as a base for the planning
and development of professional education
manpower training programs in the colleges and
universities of New York State. These
institutions produce three-quarters cf the
State's profescional educational personnel.

Rationale for the EMIS

As recently as 1966 the Nation was faced
with a shortage of certified teachers. The
Senate Committee on Labor and Public Welfare and
the House Committee on Education and Labor issued
reports stating that in 1966 the Nation was faced
with an unprecedented shortage of almost 170,000
qualified teachers. (Zerfoss & Shapiro, 1973).
Since that time, however, record numbers of
teachers have graduated from colleges and
universities and many school districts now report
a substantial surplus of applicants for teaching
positions. The National Education Association
annual report on the supply and demand for
teachers clearly shows that since 1970 the supply
of teachers has exceeded the demand. Several
reasons appear to explain this rather sudden
change in the supply and demand situation. They
include:x (1) a sharp increase in the number of
college graduates at the end of the 1960's;

(2) a slowdown in the growth of the school age
population; and i3) s tighrening of fiscal
constraints in manv school districts. The Mew
York State picture of the teacher oversupply
situaiion is reflective of the siruation at the
National level.

It has become increasirgly evident that
manpower planning in the area of educational
personnei production and utilization in New York
State must be brought under svstematic control.
The key to solving this problem is the develop-
rent of a statistically-based information system
which can routinely generate data reflecting such
central factors as (1) the rate of production of
EM by institution and area of certification and
(2) the rate of employment and utilization of EM.
The EMI3 will serve as a readily available base
of information whose components have been
identified by potentiasl users as necessarv for
sound educational manpower planning.

Development nf the EMIS

Two pragmatic principles were adopted in
guiding the development phase of the EMIS. They
were (1) potertial users of the information
should help define policv issues and, in turn.
the tvpe of information to be generated by the
system and (2) existing data sources should be
used as the base for svstem development. In line
with these principles. the first developmental

11
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tash was the identification of kev policv leacher Certification Records (TCR)--lhe Education

{ssues relating to efficient and svstematic Department maintains a manualls operated filing
production and utrlization of professional svstem on all individuals to whom professional
educational manpower the identification of education certificates have been issued
policy issues then led to the identification of Demographic and professional characteristics on
requirred statistical rformation which would each individual are compatible with data contained
bear directly on the resolution of these issues in the BEDS personnel file In order to incorpo-
and serve user needs Next, relevant data rate this data source into the EMIS {t was
sources contdined in presently operating svstems, necessary to convert the manual system to a
both withtti and outside the New York State computer file and to create and install a svstem
tducation lepartment, were identified. A match by which new records would be made a part of the
was then made between those s.stems and the data svstem on an ongoing basis. The initial data
requirements identifred earlier to determine conversion effort involved approximately t.5 man
what, if anv, new sources of information (or vears of clerical staff handling in excess of
modificdtions of existing sources) would be 322,000 records. accounting for all certificates
required to adequatel. address pertinent EM issued in New York State since 1970. The second
policy issues procedure involved implementing a new administra-
tive procedure in the Department's Division of
fhe policy issue identification phase of Teacher Certification.
the stud. was undertaken bv conducting in-depth
interviews with individuals in various sectors Computer programs have been written which
of the State's educational svstem, including merge the BEDS files with the TCR files. This
the State Fducation Department, private and newlv combined data base, which contains
public colleges and universities, local school information dating back to 1970, can produce
districts, education planning groups and information which shows the relationships between
National ana State teacher affiliated groups. Program output and school district utilization at
ihe major thrust i1n identifving education the district, county, region and State levels
manpower policy issues was to find areas in Information can be sorted on anv single data
which there are gaps in existing information element contained in the s\stem or anv combination
and where lack of communication exists among thereof
various sectors of the ecucation establishment,
thereby hampering efficient EM planning. A New York State Teacher Retirement Sistem Files
content analyvsis of the interview data surfaced (TRS)--This computerized svstem. which is
a set of significant issues and information independent of the Education Department. has a
needs. lhe most critical issues were those membership composed of the majority of profession-

related to the need for an information base that al personnel who are presentlv emploved in or who
would interrelate data on characteristics of have retired from service in the public elementary

manpower produced by the colleges and universi- and secondarv schools in New York State, excluding
tiec and the emplowment of such manpcwer in the New York Citv. 1Tt has a total membership of
public elementary and secondary schools of 216,500 individuals. New York Cits operates its
New York State It was determined that such a own teacher retirement system.

comprehensive picture would increase the like-
lthood of communication between groups and
serve as a basis for more efficient EM program

The master file of the TRS 1s partitioned
into an active and retired file Individuals upon
retirement or death are removed from the active

planning.
file when thev leave active service If the
IThe 1esults of the first phase of the . individual returns to active school service on am
study also indicated that unit record data on basis. he is again placed on the active file
1individuals would be required as the primary Status changes for personnel such as retirement,
data source in the sistem. A survev was death or reentrv into service are periodicallv
conducted to identify the current or potential updated on the computer file. All retirees are

1dentifiable by name. social security number. date

availabilit of such information. Three
of retirement, and school district from which thev

sources of unit tecord information were identi-

f1ed which could serve as a data base for the retired. Ihe same type of information can be
£m1S. Thes are (1) the Basic fducational generated from the New York City Teachers
Data Sw~tem (BEDS)3 (2) Teacher Certificatiun Retirement Svstem.

Records (1(R): and (3) New York State Teacher

Retirement Svatem Files (IRS). lhe data elements contained in this svstem

are compatible with BEDS and 1C? files. lhe TRS
can provide unit record data on the rate at which
protessional personnel are leaving the field as
active members of the public education field
therebyv providing a more accurate picture of the
potential pool of certified EM who are not
emptoved. Inclusion of the IRS files in the EMIS
is vet to be arranged. Ihis will require
negotiations between the Education Department and
the leacher Retfrement Svstem

Basic Fducational Data Sivstem (BLDS)--BLDS.
which has been operational since 1967, is a
computerized s stem operated b. the New York
State tducation Department. The personnel

file of the svstem identifies. on a longitudinal
basis. all public school professional personnel.
Yach unit record contains a series of demogra-
phic and professional characteristics and the
ascignments that each staff member performs.
BEDS, then, serves as the base for identifving
the past and existing public school professinnal
EM pool emplotved in the State.
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Ctilit of the EMIS

Output from the EMIS can serve manv
sectors of the New York State HEducation

community in terms of more efficient EM planning.

At the State level, trends in the supply and
utilization of specific tvpes of EM on a
statewide and regional basis will highlight
present and anticipated areas of EM growth,
contraction and stability. At the local school
district level, superintendents will be provided
with timelv information for locating appropriate
EM to £111 vacancies or newly created positions.
They will also have information available on
general trends in EM availabilitv and needs in
their region and in the State.

Guidance coanselors in both secondary
schools and colleges will be able to provide
students with relevant and up to date career
information dealing with trends in the growth,
stability and decline of EM employment.
Colleges and universities will be able to plan”
more accurately for the creation, expansion,
contraction or elimination of programs dealing
with the production of EM.

Another important application of EMIS
will be to provide a statistical base for
generating more teliable forecasts of future
demand for all vategories of certified EM. The
projections can be cemputed on the basis of
such factors as ce:tification field, geographic
region, tvpe of training institution, type of
district or anv other data element within the
svstem. [he svstem is designed to be flexible
in terms of output format. A combination of
general statistical outputs on a statewide and
regional basis will meet most planning
information needs. When necessary, special
reports will be generated on a request basis.

The EMIS is decigned to provide
relevant education manpower planning data to
more adequatel. address problems of supplvy
and demand in the pr:sent and in the future.

A data flow Hutline for the complete
svstem fs shown in Figure 1. A listing of
the data elements ccntalned in the svstem is
shown in Figure 2.
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Figure 1
DATA FLOW OUTLINE

NEW YORK STATE EDUCATIONAL MANPOWER INFORMATION SYSTEM

Individuatl
Local Teacher Teacher Applications
School Retirement Training for Teaching
Districts Svstem Institutions Certificates

BEDS Division of
Personnel Teacher
File Certification

!

Information
Center on Ehp
Education
Statistical Special
Reports Request
Reports
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Figure 2

MAJOR DATA CLEMENTS CONTAINED IN THE EMIS

Bureau of Educational
Data_Svstems

Nam2

Social Securitv Number
Date of Birth

Sex

Marital Status

Degree Status

Occupation {n Prior Year
(nature and location)

Tenure Status

Educational Fxperience
Certification Status
Professional Field Assignments

School District of Emplovment

Teacher Certification Records

Name

Social Securfty Number

Date of Birth

Sex

For Each Certificate
College (Name and Countv of Location)
Certification Area
Year of Certification

Tvpe of Certificate

1)

S +5 1

Teacher Retirement Svstem

Name
Social Securftvy Number
Date of Birth
Sex
Work Status
Active
Retired

School District




Q

ERIC

Aruitoxt provided by Eic:

INVERTED FILE STRUCTURES
PROCESSING

IN PAYROLL

Thomas C.

Richards

Miami University

Introduction

A great deal of attention has recently
been devoted to the subject of general-
ized data base management systems (4,6).
This interest has occured in parallel
vith the emergence of computer based
management information systems (2).

These svstems are the backbome of report=-
ing systems in govermnment and industry
which provide information for man‘'gement
decisions with the necessary flexibility,
adequacy, and frequency.

Proper file structure, selection and
evaluation are of the utmost importance
in view of this ever-growing data re-
trieval and reporting demand. A data
structure must permit a direct repre-
sentation of the complex relationships
which exist among the entities of a
husiness enterprise and permit many dif-
ferent logical orderings to be defincd
instead of the single ordering implied
in a hierarchical structure.

The purpose of this paper is to dis-
cuss the successful design of a pavroli-
peronnel system which provides many of
the above attributes while at the same
time being implemented on a small core
computer with a limited number of peri-
pheral storage devices. This data base
management system uyses a unique file
structure which allows extreme flexi-
bility in file manipulation and retriev-
al. This unique system has actually been
implemented for a medium size school
district.

The Problem

fhere is a real and recurring need in
educational administration to be able to
interrogate a data base by selecting or
extracting some part or combination of
elements. For example, how many fourth
grade teachers have masters degrees and
are partially supported by Title III
funds, or what is the average salary of a
tenured teacher? The unit costs of
schools, programs, and functional areas
are all of importance to decision making
processes in educational administration.

Oxford, Ohio

Since the predominant costs of a public
school district are personnel salaries,
the area of payroll-personnel systems
offers the greatest payoff in terms of
providing meaningful cost analysis and
cost benefit data.

Personnel file structures in public edu-
cation tend to be rather straight forward
since the teacher population of a school
district is constant during the school
year. Some categories of tne classified
staff tend to move in and out of employ~-
ment but this is a rather minor turnover.
The problem arises in the payroll file
structure since the funding of a public
school district tends to be rather complex.

The average public school district's
funding depends on a multiplicity of
sources of funds including local taxes,
state subsidies, and a variety of federal
programs. Personnel within a school dis-
trict may be paid from several sources and
detailed accounts must be kept of the
allocation of funds from each source.
Thus, if an employee's salary is drawn
from more than one fund, a detailed payroll
record must be kept for each fund. The
problem is further complicated when his
salary is charged against several accounts
within a fund.

The Solution

One obvious solution would be to con-
struct a payroll-personnel record for each
employee so that current and year-to-date
payroll information cam be carried in each
record for each possible fund and account.
Unfortunately, the employee whose salary
must be allocated against more than one
fund is an exception rather tham a rule.
This method of attack would lead to an
excessive record length for most employees.
Another solution used by many school dis-
tricts is to genmerate a separate payroll
record for each fund. This results in a
great deal of duplicate information since
each record usuallv contains employee
name, address, social security number,
number of dependents, and other items
common to all records for a particular
employee.
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The solution used in this investigacion
is to carry a master record for each em-
plovee which contains all of these common
elements plu 1 nultiplicity ot fnfor-
mation requirved 1>)r emplovee personnel
records on a random access file. By
using the coding »tructure outlined below,
this master re.orl 15 then linked into
one or more pavioll records. ©One of
these records is 2enerated fgr each fund
from which the emnlovee's salarv is
drawn. All emplovees have a master re
cord and one pavroll record in the file
as shown in Figuie 1. The exception has
a master personnel record and two or more
payroil records.

One additional problem can be handled
with ease using this file structure.

This i- the case where a salary is charg-
ed against two or more accounts within
one fund. 1{ cacn pavroll record has an
account number as.ociated with it, each
account within the same fund generates a
separate pavroll .ecord for the emplovee.
For example if an employee's salary is
drawn from genera funds and ESEA funds,
two payroll records are generated. An
employee whose salary is drawn from DPPF
funds and charzed against librarian
salaries and bus Jdriver salaries would
also have two pavroll records, one for
each account vithin the DPPF funds.

This inverted tile structure allows a
great Jdeal of Ilexibility inm file content.
For example, 1t is often necessary to
carry a particular type of information
for one classiification of emplovee which
will never be required for another em-
plovee type. Fnr certificated school
emplovees, it i: often necessary to main-
tain, in machine processable form, certi-
fication data, c¢lassroom assignment data,
and the number of semester hours complet-
ed. This information would not be requir-
ed for classified emplovees. [If room
were left in the master record for all of
this 1nformation, the file length would
be exorbitant in length. Likewise, 1t
might be necessary to carry a job skills
inventory, training information or civil
service examination data for classified
personnel. By using the same coding
structure used to link the pavroll re-
cords into the emplovee master record, it
1s possible to carry a multiplicity of
specialized supplemental records contain-
inz a large var «i* of information.

the coding structure required for this
file organization 1s suitable for random
access processing, Eaclt emplovee's mas-
ter record contains, as a primary key,
his identification number. The detail
payroll record 1-¢35 as its key a combi-
nation of thi. :Jdeatification number, a
fund number, and air indicator telling
how many accounts within the fund his
salary is debited »r charged ajgainst as
shown in Figure 2. fhe employvee master
record contains, in addition to his iden-
tification number, up to six fund identi-
fiers in a sub-re->rd. Each field within

this sub-record contains, as shown in
Figure 2, a fund number plus an account
indicator.

The fund and account indicator are then
combined with the employee identification
number to generate the key for each of his
pavroll records. By using a dummy fund
number, it is also possible to store and
retrieve miscellaneous information in a
dummy payroll record. Using an index
sequential file and keeping all records
the same length, it is possible to access
the file several different wavs. The
employee identification number can be used
as an accession kev to retrieve all pay-
roll information related to a particular
cmployec.ﬁ The fund number cuan be used as
the sequential accession key to retrieve
all records related to a particular fund.
By retrievinyg «ll pavioll records and
then sorting by account number, it is
possible to easily generate account
distribution reports.

Conclusion

The personnel-payroll data base manage-
ment system outlined in this report offers
the flexibilitv and adequacy required for
implementation of useful and powerful
systems on a small core computer with a
limited number of peripheral storage
devices. In particular, this system has
been installed on a 32K TBM 360 model 30
with two disk drives and two tape drives
using COBOL as the source language. The
file structure and additional data ele-
ments and records can be added as user
requirements change. The system allows
direc: representation of the complex
relationships which must be analyzed for
effective administration of a payroll-
personnel system in educational admini-
stration.
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THE NEW WORLD OF
INTLRACTIVE BUSINESS SYSIEMS

Edward J. Lias
Ocean County Information Network

The conference theme "New Worlds of Here are some common uses of terminals:
Educational Data Systems" may be an exciting

headline to the novice or the outsider looking
in. But the serfous business administrator who
has invested years ot design in his current

1. ONLINE Rl .
office systems may not be cheered to hear of UPOATING AIRLINE RESERVATIONS
bold new approaches to educational data systems.

New worlds can be seriously threatening. 2. DATA AIRLINE FLIGHT SCHEDULES

BROADCAST
The theme before us this hour may therefore ING

be of major significance. Interactive business 3. MESSAGE
systems, now operational, could impact your life
or office systems during the next five years.

WESTERN UNION TELEGRAM
SWITCHING SERVICES.

4. DATA ENTRY ONLINE KEYPUNCH
REPLACEMENT. KEYPUNCHING

ONTO R
of processing and could unsettle established con- DISK CASSETTE, TAPE, O

vent fons in the futuve.

The contemplation of such change is disturb-

i 5. iNQUIRY - EXECUTIVE VIEWING OF
|

|

1

|

|

fng--maybe unwelcome. It represents a new style

Whether you read "Business Week" or RESPONSE FINANC AL DATA
"Computer World," you are probably aware that .
terminals are here to stay. Four years ago they 6. R.J.E EXTENDS COMPUTER ROOM TO

cost $5,000 each. Some now cost $1,200. They
weighed (typically) 70 pounds in 1970. Today
this one (DIGILOG) weighs 9 pounds and goes
easily in a brief case. You can take it home and
attach one wire to the rabhit ears of your TV set
which serves as a screen.

ANOTHER PLACE. PRDCEDURES
SAME AS IN COMPUTER ROCM.

None of the terminal uses above are complete
business systems sufficient to drive the full
data requirements of an active school system. An
interactive business system will be a combination
of several of the above, plus much more.

About two million terminals (all types) are
installed around the world. The companies which
make them are tooled to supply them like tele-
phones for the next 5) vears. Each office and
home is a potential buyer. In 1973-74, two new

|

| terminals were introduced each week.
| — As an i{llustration we will detail a student
|

i

record-keeping system. Please observe that the
tllustration could be payroll, budget, inventory,
attendance, or any other business system. But by
using the student record-keeping system, you can
relate your current system to the one shown here.

Till now, terminals had little to do with
your office automation. The mature needs of a
school administrator had nothing in common with
the superficial services which terminals typi-
cally provide.

Q 36 L8
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02

05
06

07

10
17

0AS1S

COMPUTER TASKS AVAILABLE
(PUBLIC SCHOOLS)

Add New Students to Master file

Add/Drop View Student Courses

Add/Drop courses by class

Add - Bus number, homeroom, district numbers,
etc.

Sort Student Courses into Course/Period order

CHANGE PROGRAMS (10-19)

Change Student Facts
Calculate Student's Age

VIEW PROGRAMS (20-29)

View Student Information
View Course Cross-Reference Keys
View Cross-Reference Keys

REPORT CARD PACKAGE (30-40)

Batch Crade Entrv

Grade Entry to Student Records

Check for Missing Grades in Master File
Calculate Grades + Attendance for Report Cards
Print Report Cards

Print Incompletes + Failures bv leachers
Print Incompletes + Failures bv Students
Print High + Regular Honor Rolls

Print Grade Distribution

Print Class Grades Entered

Write Grades to Student Records

INITIALIZATION PROGRAMS (41-50)

Build Master Course File

Modifv Master Course File

New Year Student Requests for Courses
Build/Print Teacher Schedules

Create Next Year's Master Student Tile
Print Student Schedule Cards (Beginning
School Year)

RFPORT PROGRAMS (51-69)

Total Students i1n Fach Grade

District Statistics

Print Commendation/Deficiency List by
feacher

Individual Entries of Commendat ion/Deficiency
Students

Print Commendation/Deficiency Report
pPrint Total Com/Def Bv Grade (Audit)
List Deficiencies for Counselors
Formatted Print of Students

[ist Failures Without Deficiencres
Com/Det Statistics Report

Bus/Pup1l Mileage

Student ID Listing

Print Class List by Teachers

Print tnd-of=Year labels

Total + Print Student bv Courses

Al
A2
A3
AL

A7
A8
A9

Bl
B2
B3

B4
BS5

Ccl
c2
c3

Hl
H2
13

H4

H5
Hé

H?
Ha

HS

11

T3

86

88

90
94
95
98
99

ATTENDANCE ENTRY AND UPDATE PROGRAMS (A1-A9)

Entry of Daily Attendance

Print Dafly Attendance List

View Individual Attendance
Attendance Officers List

Change Attendance Data

Change Enrollment Code

Change Status Data

Correct Single Status & Attendance

ATTENDANCE IN-HOUSE PROGRAMS (B1-B9)

Print Attendance Labels

Print Attendance Cards for Teachers
Build Control Record Calendar (School
Calendar)

Modify School Calendar

Print School Calendar

ATTENDANCE REGISTER AND ANNUAL REPORT
PROGRAMS (C1-C9)

Monthly Attendance Register

Annual Attendance Register

Age Distribution of Transfers Coming in
For Annual Report

SCHOOL HISTORY PROGRAMS

Initialize History File for First Time
End of School Year Update

Display Individual or Class History File
Record

Add, Drop, Modify or View Courses on the
History File

Delete Records from the History File
Clean up History File = Elim Drops +
Transfers

Calc Final Grade for First Half Schoo! Year
Calc + Print Any Grades Class Rank from
History File

Add New Students + Change Students'
Facts on History File

Sort Courses on History File
Accumulative Class Rank

Check History File for Missing Courses

CONTROL RECORD MAINTENANCE PROGRAMS (80-89)

Hodify Cross-Reference Keys
Builu Cross-Reference Keys
lable of Task Contents

TEST AND REORG PROGRAMS (90-99)

Adjust Any Data Element

Create Test File Indiv. Stu. or Courses
Create Test File

Delete Records

Reorg Student Master File
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Assume that a terminal is in the office next
to you and that one clerk or secretary has been
traired to type the few lines required.

From the list of tasks we will choose
nunber 2. The tasks ire all the functioms which
can be performed by tne package. (See Exhibit 2.)

When task 2 is requested, a small program
loads to perform the function of receiving new
student< who are just entering school. Each
task fs 4 to 8 thousand characters in length
(very small).

Task 2 says:

\

REANY T ENTFR cda LTONENT
(30 ) L G
MNER T AT s B TrTwed 6 DL st

3Cews . R LINENTRY

SRR NATT Rt R ST, IANRE

ToomATE o L ALT, s TIAL
foo AT T o E L T AT )
LT G AT L), [NV RN A RO

Ger N RAMOE AR

IHRYL, 1 s

FOTER sq T e 1 g T ET

Fed tF

ESTER » e by ¢ 0 0L

ENTER ALE DAREIT NAYE TR LARHITAM
s RELST ¢, ) ey

TR T yi BT TRACTY DR

aten ot ¢ e

Eotie o s

™ MY

Triwg AT e vt
f

ATE FMTERTC

STATE ERSIYLTRNT OO0E Tl
AT LENST U R R 0T7 D6y /

eorE TR ToREr . wE Y St Wl Y AN

STEM 2N TG

Eo i h e ey

THTE e LAY .

At first the terminal is a data emtry device.
But when the NAME is entered it becomes a file
searcher, rejecting your entry if (he name is
already on the file. On significant data it
echos back the data for verification--but does not
require double typing for verification; oniy the
letter v for "yes" is typed.

What is an Interactive Business System? A
system in which every needed procedure of an
application is available on a terminal in the
local office.

If vou select task 20 or 30 or 64, you will
be eliciting your own sciolastic reports. The
report programs may ask, "Du you want this report
on the terminal or the high-speed printer? Do
vou desire single or double spacing? How many
copies do vou desire? Sorted by bus number or
homeroom?"

Upon receiving these controlling facts,
the file is scanned by the program, and the
report is generated automatically. No ome at the
Computer Center is called or involved in the run.

L3

= Tk 02 allustrates user-

contrelled t1le mamigement .
Hero o new student is added to
the t31¢ by traaned « lerks who
conversationally puide the
process.  The prograr is 4K in
tenpth i crror cheeks atl
passible field critorsa.

It the lorh types STORE, the
tevord could be stored wathout

these tess oritiaal elements.

e e ordoas stored oand
CrossmlOterenie red s dre
storcd ancbudinge stadent
s 1, development .

o7




Exhibit 3 diagrams an Interactive Business
System. It is a new world of simplicity. Gone
Jare sorts, merges, batch updates, transaction-
proof lists, etc.

Terrainals 10 school

cifices or _ac aata center, ARCHITECTURE FOR
— . INTERACTIVE BUSINESS
SYSTEMS

.

\ /ﬁfi////f
aonatpaptaRapRIeg)l

f'ront Processor
s.nd -
! (232208 N BRI aystel
]
OAS I l

e .
1 Progtams
'

e f

-

\
\
A}

\

™~ N
\

M L
! Priater }///

L

;ﬂ , =~ \ "\}
UR VL RORS

i0

IR SR PR Gita P TOLBS= . & W
I —_ H Y LYy S

(SHMALL REPORTS CAN BE RCCSIVED ON THE
USER'S TERMINAL WHEN DESIRED. OTHER
REPORTS ARE DIRECTED TO THE HIGH-SREED
PRINTER, NO CARD PUNCH 1S REQUIREC.)

Please lav this diagram, mentally, over vour What hardware permits this to be done? Most
carrent applications. It can fit anv of them. med ium-size machines have common facitities which
The terminal can ask pavroll questions (What task? encourage this type of svstem, but not manv appli-
Add new emplovees, hange wages, print W-2 forms, cation designers have utilized them. Diagrammed
vte,) or school questions (What task? Drop above is the UNIVAC 70/46 which hosted the first
courses, change attendance, print report cards, development of these systems.
ete,)

fts remarkable operating system made the

Note that when the record is sent to disk for software development easy. VMOS (Virtual
storage, it is already placed in key sequence Memory Operating System) encourages online
(naster alpha sorting is done) and that all implementations. Note that it has no card punch.
necensary cross-reference keys are buflet ac that As a medium-size machine, it commonly supports 30
time. One second later all varfeties of reports terminals, all of which may be running various
«in he generated. Thus, no merging or sorting is Interactive Business Svstems.

ever required.

ey
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Reaching to the kev question, mv address in

a sentence asks, "Whe benefits in the new world

I3

N

Intera~tive Business Svstems?"

Several benciictadies can be fdentified.

The Local Busine~s Otfice

1. Your office ni Wt benefit frem the disarm-

simplicity.

As busincssmen, you have probably
looked askan.¢ upon DP operatinons in
general, saving secretly, "Is it really
necessary tor people to be dashing in and
out ot the maechine room=-cards a-flving?
Why w0 complevt Are all the awaited
merges, proof lists, cvlinder a'locations,
ete, really required?

In truth, batch systems are difvicult
to sfmplifv. You can't do it with tewer
thin 12 cepitate steps, each of wiich
awaits the «ormsletion of the one before.

But {a the new world described lere,
vour local otijce statf will run the ap-
plication aiter two or three days training
in the task nurhers and what they do.

ERS)

Your local »tice might benetfit trom the
superfor control as well

Rather than dramatize those occa-
sfons when you felt that data processing
was controlling vour of fice, when you
wished vou were in charge of the data
events-=rather than surmise, let me de-
scribe a few (of many) instances where
locat office control is evident.

Ihe College Registrar

The Coll. v Regincear has terminals
in his offf.¢. Frequently he needs to
0w Sedt stalnus or enrollment facts, or
student 1ists. Without central operations
being involved, he requests his reports
when he wants them through his terminal.
Since they are often bulky, he generallv
directs them to the high-speed printer
and picks them up during lunch hour. All
droppiang or adding o! courses {s done on
his terminal.  Since the file {s always up
to date and alwavs sorted, any desired re-
port wili reflect current status as of one
second ago.

\ttendance

A hirh sciwol clerk types in the
names of the ihsentees.  Then, on a4 type-
writer terminal thev take task A2, It
tells them to ansert a ditto stencil,
after wnich 1t priats the absentee list
alphabeticaily ind separated by grades.
Thety Jo it =oraine ind afternoen.  The
num’ er 0! conscoctuive absences is listed
for each person. 7The list is in all

60

.

=N

teacher majl boxes by 9:30 or 10:00 each
day. The Computer Center is not involved
in the operation at all, The monthly
attendance registers result from task Cl
with equal ease.

Discover the new world of simplicity
and local control, available in your local

of fice.

The Computer Operations Area Also Benefits

If a school superintendent visits the
Center and says, "I think i'd like to try
your svstem,” after some conversation
regarding the requirements, the following
procedure would set it up i1 about three
minutes:

L. LOGON. 2. Execute the SIPO package.
3. Enter the control facts. 4. Begin to
enter students.

I{ at your sfite it takes two or three
days to set up a new customer, this is
justifiable~~You may have track and cvlin-
der allocations to calculate, varfous file
formatting strategies to anticipate, sorting
procedures to define, etc.

However, the proceaure below is so
simple, so free of operator intervention, and
so automatic, that vou could do it yourself.

SCOEQP22 PLEASE LOGUN.
ZLOGOH HEWARK , SCH1ID

XC 0223 10502 ACIEPTES FROM | I'F #0060
1242 0N 1728775, 15129564
7/

A visi{ing school superin=-
tendeat think- he wosld

Pive ta ¢arey his school
fosords on osour e bine.,

Ash vour system administra-
tor to join Jan account using
the nare of his city, Yhle
he is present. F0GON to the
ooount anmeds tely, ot
that noe prosram. or Jata
frles onist undor thas
hooount,

3
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EXEC SIPO
% C PSO00 LOADING.

EWARNING**

NO DATA FILE EXISTS.

ATTEMPTING TQ ESTABLISH A NEW CUSTOMER?
iYES

ENTER PASSWORD:PASS183

4—____________________________-

- The SIPO package is
stored under the public
account for all customer
schools ro execute.

The package notices the
absence of any data file
and issues a warning.

Password padlocks prevent

NEW DATA FILE BEING ESTABLISHED.

ENTER COFFICIAL NAME OF CUSTOMER GROUP.
THIS NAME WILL APPEAR ON ALL REPCRTS.
:CENTRAL SCHOCL DISTRICT

ENTER STATE CODE FOR CENTRAL SCHOOL DISTRICT:0137 4

fllicit use.

One line in the program
establishes the data file
on disk - I[SAM with
shared updating. Alloca-
tions are automatic.

School district name and
~ode are written to the
top of the file as a
control record.

—t

READY TO RECEIVE SCHOOL NAMES WITHIN THE
DISTRICT. ENTER CneE AT A THAE,

SCHOOL O1:VETERANS MIDDLE SCHOCL
STATE CDE FOR THIS SCHOOL:3945

SCHOCL 02 :HARMONY MIDDLE SCHOOL
STATE CCDE: 3946

SCHOOL 03:CENTRAL REGIOMAL HIGH SCHOOL
STATE CCDE:3947

- ]
= Three more control
«—— 1 records are uritten to

the file.

SCHOOL O03:CENTRAL REGIONAL HIGH SCHOCL
STATE CCDE:3947

SCHOCL N4 :STOP

FILES ARE INITIALIZED.
JSE TASK 02 TO ADD STUDENTS

«reg 1P SYSTEM®**

STOP terminates the initiali-
zation.

WHAT TASK? This message will
now appear each time the pack-
age is executed. Any of 130
task numbers can be entered.

WHAT TASK?:S70P

NORMAL HALT.

Each represents a 4 to 8K
program waiting in the wings to
service the school. All reports
are requested in this manner.

with Interactive Systems there is no
JCI.. No control card decks. No program
patching or recompiling. Freed from heavy
operations effort, the center can concentrate
on customer training, etc.

The henef it being described here is
reduced activity in the machine room. 1f the
computer can set up the system, why not let
it do it? No one in operations needs to be
called. Audit trails on the console show
that it was done, hut no one stood by to make
it happen.

Since the file is maintained in the
major sort sequence and the other sorts are
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the cross-reference keys, any
printed at any time.

maintained in
report can be

still there,
students just to
reviewed as

superintendent
to enter a few
you recall, we

With the
you can hegin
show him. If
task 2.

In the world of Interactive Business
Systems, those who automate other people's
of fices will automate their own shop as
well. Modern operating systems encourage it
and Interactive Business Systems make it
happen.
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IIT. The Costs are Better Than You Might Think

There is a general impression that the
flashy terminals, phone lines and central
machine are far more costly than a local
batch shop. Most such beliefs are based on
throwbacks to 1970 analyses. Four years
later, such paleolithic findings are mislead-
ing. This low cost terminal did not exist
four years ago! Four years ago the central
hardware was twice as costly to purchase as
it is today. (Get the price on a UNIVAC
50/60V or an IBM 370/145.)

Not everyone knows about economy of scale.
Three dozen eggs are cheaper than one, we know.
But where in life is "cheaper by the dozen" most
magnified? Not in selling three Brooklyn Bridges;
not in the World Trade Center, but in the computer
market. 1t is not a trick of pricing, but a fact
of electronics. You can move ten characters
around for a pemny in a small computer. You can
move 10,000 characters for a penny in a larger
one. In this one you can move about 10,000 char-
acters for a penny. Next size bigger, 100,000
characters for a penny. The really big and fast
machines will reach a million characters/second.

ECONOMY OF SCALE

Small ~---e-ee 1 100 Char/Penny

2 1,000 Char/Penny

3 10,000 Char/Penny
Medium ~-=wwe-- 4 106,000 Char/Penny

5 1,000,000 Char/Penny
Large =-—-===- >

6 10,000,000 Char/Penny

If you core from a small batch shop, you
may be in the ten or 100 characters/penny class.

Similarly, the economy of personnel is sur-
prising. Since the activities in the machine
room are automated, the computer center staff
will be more oriented to system development than
to the brush fires of operations. Here is a
comparison.

A few people will debate that Exhibit 7
omits some of the steps in the batch process.
None are omitted on the interactive side, however.
On batch side some of the steps take five minutes;
others take half an hour.

The batch procedures are mostly a manual
sequence of events within the computer shop.
Eleven human events compared to two translates
into improved use of human skills on the inter-
active side. People are freed to periorm customer
relations or improved system design. The personnel
costs can be significantly lower per throughput
volume on the interactive side because :he machine
is doing more of the work. They who automate
other people's offices should automate their shops
internally as well.
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12

FUNCTIONS PERFORMED

BatcH SvsvEMs

TRANSPORT FORMS TO
COMPUTER CENTER

INTERACTIVE SvstEMs

1. COMMUNICATE DATA TO
COMPUTER CENTER

ASSIGN CATA TO
KEYPUNCH
KEYPUNCH THE DATA 2. TYPE THE DATA ON

THE TERMINAL
VERIFY THE DATA

LIST THE PUNCHED
CARDS

WRITE THE PROGRAM TO 3. WRITE THE PROGRAM

PROOF THE CARDS TO RECEIVE DATA
FROM TERMINAL

SCHEDULE AND RUN

ABOVE PGM

STUDY OUTPUT FROM
ABOVE RUN

CORRECTION CYCLE (S)
WRITE PGM TO MERGE
CARDS TO MASTER
FILE

RUN THE FILE UPDATE
PGM

MAYBE PUNCH MASTER
FILE TO CARDS

4. CREATE SAVE TAPES
OF DISK FILES

HUMAN TASKS: 9 HUMAN TASKS: 2

ELECTRONIC TASKS: 3 ELECTRONIC TASKS: 2

ExHISIT 7
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In this address I have attempted to show the
benefits of Interactive Business Systems as experi-
enced in the local offices, the computer center,
and 1n the cost effectiveness.

Is it a fad? Have systems like these any
permanence in the evolution of business systems?
Ponder this question as you shortly move to other
sessions to witness other similar systems.

My personal opinion is that man as an informa-
tion processing creature is moving in a known
direction. Inherent in the invention of the alpha-
bet was the eventual discovery of the printing
press. And the printing press was certain to
create information overload. With more words and
paper tumbling upon us than we can read or file,
electronics was destined to relieve this very
human need.

But online audio systems have been accepted
bv every teenager and housewife, the telephone
being a global network for exchanging audio data.

Without conscious theorizing, most people can
make the obvious assumption: 'My character data
should be as easily manipulatable on some tele-

phone-like device as my vocal data.”
(See Exhibit 8.)

Terminals and Interactive Business Systems
represent a firm step down the path of our informa-
tion instincts. Exhibit 8 details these instincts
and summarizes at the bottom my belief in the
tncreasingly broad acceptance of Interactive
Systems.

in summary then, the assertion is:
Interactive Business Systems are not extensions of
earlier business processing techniques, but are a
new world of wholly new services not previously
available, awaiting your discovery.
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INFORMATION INSTINCTS

ALL DATA ASSEMBLED IN MY LIFETIME SHOWD BE
AVAILABLE INSTANTLY. IN MY BUSINESS, ALL
COMPANY HISTORY SHOUL.D BE AVAILABLE INSTANTLY.

ALL INFORMATION IN ALL LIBRARIES OF THE WORLD
SHOULD BE AVAILABLE INSTANTLY UPON REQUEST
LIKE A WRISTWATCH OR WALLET.

INFORMATION SHOULD BE THOUGHTLESSLY
REARRANGABLE, WHETHER ALPHABETIC, NUMERIC
PHONETIC-ORAL, VISUAL-GRAPHIC, MOTION-
KINESTHETIC, ETC.

1 WANT TO MANIPULATE DATA FREE OF CHARGE. IN
THE INFORMATION AGE, WITH INCESSANT DEMANDS
FOR INFORMATION REPORTS, THIS IS A NECESSARY
FREEDOM (R BIRTHRIGHT. IT SHOUWD NOT BE VENDED
ON THE P*<1S OF WEALTH OR SOCIAL CLASS.

. FEW IF # » RULES SHOULD GOVERN THE USE OF

INFORMA) * ON SYSTEMS, LIKE THE TV OR PHONE, I
DON'T WANT TO KNOW HOW IT WORKS. WITH NO MORE
THAN S KNOBS, LET Mg USE IT.

THE PUBLIC DEMAND FOR INFORMATION
SERVICES IS TOO UNCONSCIOUS AND FRANTIC;
THE TREND TCO WELL ESTABLISHED TO IMAGINE
A FUTURE DISENCHANTMENT WITH THESE IDEALS.

E..{IBIT 8




AN
INFORMATION SYSTEM
FOR
ENROLLMENT PROJECTIONS

ROBERT D. NELSON
Richfield Public Schools
Richfield, Minnesota

INTRODUCTION
In order to project the entering kindergarten
School districts make emrollment projections for or first grade, either a family file must be
the short range purpose of planning for next year, maintained, a guestimate of four or five year olds
which includes allocating staff and students to must be done, or a roundup for eligible children
buildings. wWhether to .ulld or to close facilities should be held. If projections on the entering
requires long range enrollment projections cover~ grade are done for three or five years into the
ing a five, ten or twenty year period. future, then data on two year olds or newborns
needs to be gathered. This data should also be
Generally, the best predictor of next years en- gathered on the projection date (ie, September
rollment is the trend of the last few years enroll- 15th).
ment. The cohort surv.val ratio technigue is
appropriate to use if the recent trends affecting
enrollment can be assumed to continue. Some of A HYPCTHETIZAL “CMOOL PISTRICT
these trends that must remain Stable are in-out AGE OR & DAST CENSUS % ENROLLMENT DATA o FUTURE SPAOLLETIT PRCJUECTIONS
migration, parochial school attendance, drop out
rate and the construction (or demolition) of hous- GADE ST I O i T L IR R e e
ing units. Note that the trend is what needs to AMEOG  + 686 649 638 556 (2 e M
remain stable or predictable; the data cam re- AGE 1 e 125 €88 €58 6al €15 o
present a continuing increase, decrease or even WE2 o 770 TS 100 €8) €58 «
an abrupt change if anticipated.
ASE 3 . 77 kAR 73¢ 695 s
Enrollment projections based on the last few years AL A e Bl 7S 739 TH A
enrollment should not be continued more tham a 8 -4 e 3770 323 3449 333e 2744 e
- few years into the future, five at the very most, KIND e aes -ﬁs-.vn-v;u;T.";;;..JSH.IE.UZ;;.:;;
unless your school district is very stable. BT e e T e e e e e e e

Long range enrollment projections should be based
on factors other than enrollment history. Land
use plans, job supply, area birth rates, parochial
school plans and socio~economic levels as they
relate to family size all affect future school
enrolliment.

Enro'lment projections should be based on good
data. A well defined and well maintained data
base is necessary to supply the differing types
of raw information that short and long range
enrollment projections require.

SHORT RANGE ENROLLMENT PROJECTIONS

Assuming relatively stable trends that allow using Rl e see 1 571 99 500 e €35 ea3 > a5 ool
past enrollment to predict future enrollment, the
cohort survival ratio technique can be used. The 2L AT Fre sy st B e Ot
basic data necessary is the enrollment for the 19 - 12+ 1%12 1715 1724 1741 1370« 14€2 1932 193 1247 1912
past few years. This data should be gathered for 7202 o 3325 2ea0 356 3tT 3eR3 4 3992 3770 3709 3722 16as
whatever date the enrollment projections_are in- 0
tended. If it is necessary to project emrollment =os-s-s--ssssssss-ssssssssssssoooosocoiassoomomnooo oo e e
for September 15th, then data on enrollment should
be gathered on September 15th of each year. Figure 1
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COHORT SURVIVAL RATIO TECHNIQUE

The following data (from figure 2) is used to
illustrate the calculations necessary in utiliz-
ing the cohort survival ratio method.

This future survival ratio calculated for each age
or grade level is held constant and used to pro-
ject the enrollments for the next five years. (a
1971-72 grade 3 enrollment of 552 multiplied by
the grade 3 to grade 4 future survival ratio of
0.9987 would yield 551 for the projected 1972-73

1967-68 1968-69 1969-70 1970-71 1971-72 grade 4 enrollment).
GRADE 3 604 606 571 590 552 REPORTS
0.9752 1.0149 1.0053 0.9915
GRADE 4 598 589 615 574 585 An ENROLLMENT PROJECTION report (figure 1) should

A survival ratio is, for example, the number of
students in the 1968-69 grade 4 divided by the
number of students in the 1967-68 grade 3. (Num-
erically, 589/604 = 0.9752) Sometimes, the sur-
vival ratios are expressed as percentages (0.9752
would be the -2.48% as shown on figure 2).

The four survival ratios calculated if five years
of data are used determine a future survival ratio
for that age or grade level. The future survival
ratio can be calculated as a simple average or
utilizing a weighted average. Using weights of
1,2,3, and 4 to emphasize the most recent data:

1 x .9752 + 2 x 1.0149 1.0053 + 4 x .9915
1 +2+

+ 3 x
3+ 4

L9752 + 2.0297 + 3.0158 + 3.9661 _ 9.?867 = 0.9987

show the last few years of census and enrollment
data and the next few years of projections. This
enables the reader to identify the recent trends
and heuristically confirm the extrapolation of
those trends in the projections.

A YEAR TO YEAR CHANGE report (figure 2) includes
the percent changes in an age or grade level from
one year to the next (the top percentage, ie, the
1967-68 to 1968-69 age 0 change from 686 to 649
was a decline of 5.397%) as well as the percent
changes that occur as a class ages (the bottom
percentage, ie, age 0 to age 1 the next year
changes from 686 to 688 for an increase of 0.297).
These percentages give a feel for trends and the
magnitude of change over a period of time.

A HYPOTHETICAL SCHOOL DISTRICT

10 ACTUAL VS PROJECTED ENROLLNENTS FO® 1973
BASED 0} DATA TROM 19€7 THROUGH 197%
A 1YFOTHETICAL STHOOL DIST (LT
. ) ) . ACTUAL PROJ*D ACTUAL % ERROR
N:S o PAR™ C!.SU° o BUNO'LAINT DATA + Y7 "0 YR T THANGE o POOJSETTIONS ENPOQLL ENROLL - PROJ CA=D)Y /0
AUADL o 67-C5 8-¢9 €0eT0 12-m vye12 . w213 ,. ............................................
<IND * 671 683 - -1.
AT O e bR My eos 526 A2 eheeeeweecsccescseee—~ --_------_---if- - 110
. -5.90% -e.322 -3.e012 YT . ) mossememn
. 0.3 e1.301 +5.432 -S.ae7 . raaze GR 1 * 541 S2¢ +15 +2.77
AE L e 28 ¢3R 22 tat 618 e
. ~5.01C% “8.36% -?.58% PRt 4 . -3
. «3.50 2.0t .3.892 aanse o 3t & 2 * 536 530 *6 +1.12
g2 e MM K13 700 23] €S8 e (3]
. -2 .50% -5.73% $3.532 -3.402 . 310"
. -2.701 -2.002 -1.R62 v2.7eg v oezat1 GR 3 * 537 529 +3 *1.49
a3 e 178 reo 136 cos o w7 mmmmeme- mecececmaccccccacenns meeceemecmcecaaaa
. LRIt “ha%7% -5.57% «1.01% LERE TN R 1 -3 * 1614 1585 +29 +1.8C
. 2.7 “1er?% “Q.4R2 “1.29% ¢ 22297 eeeececcccccccccecccccnnecnees
an v se 155 . ’ e o 2oa : mmmmmmmmosesecenceseoceaoe-o-
. -2.e72 -1.75% “1.8% -3.601 e ed.02% @R 4 13 535 538 -3 ~3.56
. .58 -2.031 -2.9%1 BRIt » -2.9a%
KIND o B19 76€ 7¢3 717 719 o 683 -
. —ramte PrYs -6.09 szaner . =5.00° & 3 * S48 548 +0 +3.02
. -2¢.01% -25.52% -ap.d2T =21-34° o e22.£83
G 1 54 e 272 595 ves e s<a
. “1.e52 “.e1z ca.n1 R o et7t &R 6 = 562 576 -l4 -2.49
. “1.18% “2.hL% *2.5722 =7e5¢1 e ea.17* = =e==essecccccccmccccccccccccccccccccsccccocone
e 2 gy st 570 567 €2 . t42 - - -
eoe owme w0 R e a-6 1645 1662 17 1.3
: A A N D vl meeeccemecccmeccemccescmcccascecmana ———e-
> ae €l 2% 571 592 L2 539 -6 * 3932 3938 +0 +3.29
. 2332 “%.7€% *3.332 “6alinT ¢ c2uIlt 00000 eeeeecccccccccccccscccccccssccccccccscecacaconee
. “2.45 1 o1.492 .@.23% -2ty o -0.13%
Goae €08 540 L5 572 565 o tey & 7 * 574 B -la =2et4
. =1."13 “hadlT Lttt 1.92% . “5.31°
. -ha7s -g.B8% - .961 723 PO I E S
G e et g e a9 s . 6o @ 8 = 613 €03 +10 +1.€3
. 322 2172 “4.28% -5.29% . a9
. e2.801 ~a.git .1.882 -2.1% e =0.93° 3 . 3
> ¢ . 37 €99 €2 €95 592 * s72 & 9 ceo €49 1 *1.67
: o et - 2231 auso1 C g T e cemececmana cececomceeaa -
. 1aur2 +4.75% 4392 *1.3a% o 2,323 7-9 * 18647 1840 +7 +(.38
LI 111 542 ez &7 ces o €09 = ceececmeccmesescscecmesesseeo=
. ca.gs sl -1 -3.60% o ey TTmEmmEmEoTEmTomooToTEno o TTE e Tt Tess
. e - a3 -3.n01 «2.90% . ea.90t < e * 65% €74 -19 -2.92
P EC e €6y cry 57¢ 597 613 o €97
. -3.341% RYYEST R IrEL ->.¢81 . ezuen
. coitiz M1 eiledst .2.782 o eB.708 @ 1 * 650 643 +7 +1.28
c 4. %9 re2 [0 ¢a2 cat o cte
L4 2202 -2.232 «9.182 *2.78% . «2.64"
. “g.ect “n.98% .2.¢01 «3.782 . +1.242 G 12 * 6e3 613 -le ~1.6€
R og 612 sas cat o cgs  mmmmmmmmmmmmemmccccaccceao- coceccmmccc e —a -
- ETYE] «8.932 6902 +17.09% ¢ «1.%2 16 - 12 » 190 1 - -
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A COMPARISON report (“igure 3) is useful to illus- A KYPOIMITILAL CINSUS AND CRADLATING CLASS OF 1972-7)
trate the past accura'y of whatever method is You
used. Projections made for some past year are o
compared with the actual enroliment for that year \\“"L\
and the differences a ‘e noted. Compariscn reports M

for a number of past ‘ea.s can be convincing w00 S~ . bRouesT e T -
either that the enrollment projection methu¢ seems bt

to be applicable to the school district or tanat it

should not be used. 300
Various GRAPHS which show the enrollment by levels x LLCIEATARE SCHOOL JNIOSAIGH | stator fucH
(ie, elementary, junior high, total, etc.) can
also show the public school enrollment compared

to the total number of children residing in the a3, 1908 ] AN
district (figure 4). A chart can also follow a oMC K g ¢« s 6 T & 9 10 uon
particular class through school and portray in or

out migration and parochial school attendance Figure 5

patterns (figure 5).
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A POPULATION TXEEZ OF A SCHOOL

A uYPOELTICAL SCLOOL BISTRICT DISTRICT WITH INCRLASING LNROLLMLNT
LNTORLEIATE AGLS A.D GRADLS )
85+ r—

80-84 1
75-79 1-
70-74
65-59
50-04
55-59

3300

CENSUS AGES 9-11

MATOE

FOLLMEY T IPACKS 4-6

T ~~.. 50-54
Tt e~ 45-49
’ Gu-44

3;_39 e
[

—

——

30-34
25-29
26-24
15-19
10-14 -—_
5-9
0-4

1] L Y 1 [} + [} » L} ) | 2 )
600  3¢C0 3¢0 600
T 15 1930 MALES FZMALES

Figure 4

Figure 6

A POPULATION TREL OF A SCHOGL

LONG RANGE ENROLLMFNT PROJECTIONS DISTRICT WITH DLCREASING LNROLLMENT

Current trends which can change drastically within

just a few years time rake long range projections 85+ -
very risky. The factors affecting school district 80-34 b ind
enrollments need to be identified and followed. 75-79 ==

. 70-74 —-i—
A DWELLING YIELD studv identifies the average num- ‘65-09 bl e
ber of adults, children or students that each type 60-64 e

- of dwelling unit (ie, single family home, 2 BR 55-59 —]—
apartment, mobile home, etc.) presently holds. SU-54 —— ——
These ratios can be used to project the yield from 4549 —— ——
any new constructiolt or contstruction made probable 0=44% —— —
bv zoning changes. If each single family home 35-39 _—
presently yields 1.6 children ages 5 to 16, then 30-34 —_———
100 similar new homes w»uld have approximately 25-29 —_—
160 children ages 5 to 16. 20-24 ————
15-19 —~————e e

A POPULATION TREE is a zraphic device to show the 10-14 —_———
age and sex structure o a school district. Areas 53-9 ——
in different stages of .evelopment have character- . 0-4 . ..
istic shapes such as the new suburb filled wirh 600 30 360 600

young families and smal’ children (figure 6) and a AT > .
mature suburb with declining enrollment (figure 7). MALES FEMALES
Population trees for each dwelling type or sub area

of a school district are useful. Figure 7
66
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Information about S0CIO ECONOMIC CHARACTERISTICS
such as BIRTH RATES and FAMILY SIZE help in projec-
ting enrollment. Applying birth rates to the num-
ber of women of child bearing age or family size

to the number of young marrieds will yield some
estimates, although these ratios are currently in

a very umstable situation.

A CRILDREN TO POPULATION RATIO can sometimes be
used to project a peak enrollment or the bottom

of a decline. Many new communities have a 1:2
ratio of children to total population, but twenty
years later this ratio may be 1:4 (figure 8). If
total population projections are available and a
ratio can be derived from older communities, a pro-
jected child population can be roughly estimated.

A HYPOTHLLTICAL SCHOOL DISTRilT
TOTAL POPULATION, AGLS 0-16 and 0-5

50,000v

40,0007

TOTAL
POPULATION

30,000+

20,0007 AGES 0-16
10,000
AGES 0-5
1950 1960 1970

Figure 8

MIGRATION patterns can be followed to anmalyze en-
rollment trends. For example, an identifiable out
migration of families living in apartments whose
oldest child is in the lower elementary grades
should support a high preschool population in
apartments not having an effect on the enrrollment
in upper elementary grades ‘or secondary schools.
A knowledge of the amount of in or out migration
will help to assess the impact that easy or tight
mortgage money would have on the school district
enrollment. Moves within the district need to be
separated so in and out migration rates are not
inflated.

The impact of FREEWAYS, RETAIL BUSINESSES or IN-
DUSTRIAL CENTERS can result in the opemning of

new areas for population growth or cause a drop as
dwelling units are removed during construction.
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INFORMATION SYSTEMS FOR ENROLLMENT PROJECTIONS

Enrollment projections are generally made by anal-
yzing data from reports that are generated year
after year at the same time of the year. The
information system should contain the data items
necessary for the reports and the capability of
retrieving the data to generate the reports.

A STUDENT FILE should contain each students birth-
date, school, grade level, entry, withdrawal

and reentry codes and dates and a reference

to the student's family.

The FAMILY FILE should have the parent's birthyears,
other children in the family and their birthdates,
the total number of childrem, the month and year
the family moved into their present dwelling as
well as when they moved into the school district,
the previous residence, the new residence {(when
leaving the school district) and a reference to

the current residence.

The RESIDENCE FILE should have the dwelling type,
the sub area of the school district, the year of
construction, and possibly turnover indicators
such as the number of families that have lived

in that residence, the year each moved in and out,
and the birthyears of the occupants.

DATA BASE ITEMS FOR ENROLLMENT PROJECTIONS
STUDENT

School

Grade

Birthdate

Entry, withdrawal and reentry codes and
dates

FAMILY

No. of children

Birthdate of each child

Public and nonpublic school attendance pattern
Birthyear of head of house and spouse

Mo/yr moved into school district

Mo/yr moved into present dwelling

Previous residence

YNew residence - when leaving school district

RESIDENCE

No of families

For each family that has lived in the dwelling
vear moved in
year moved out
birthyears of all family members

Sub area of the district

Dwelling type .

Year comstructed

SUB AREAS

The district sub areas should be well conceived
and not changed unless subdivided. Do not use

elementary school areas since these boundaries

are subject to change, especiu .y when a school
is closed or a new school constr .ted.

N
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Enrollment projections for elementary schools with-
in a school district are generally difficult due to
the small numbers and the fluctuating boundaries.
In some cases, it is possible to group sub areas
with similar characteristics - even if not conti-
guous - and determine indicators such as dwelling
yields, survival ratios, etc, for the group of sub
areas. Then these indicators can be applied to

the data in each sub area. Finally the projections
for the sub areas that comprise the particular area
of interest can be aggregated to arrive at project-
ions for schools within the school district. If
school boundaries change, it is only necessary to
combine different sub areas to determine the appro-
priate enrollment projections.

1f this method of grouping sub areas to determine
indicators, applying the indicators to individual
sub areas, and ..gpregating to arrive at emnroll-
ment projecticr. tor school areas, municipalities,
etc. is utilize , then the sub areas need to be
small and quite homogeneous with respect to the in-
dicators uscd. A sub area should be five to ten
square blocks. 100 to 200 single family homes, or
possibly an & artment complex.

DISTRICT AND SUB AREA ANNUAL REPORTS
Many reports should be generated for each sub area

and for the district each year and saved for
future reference. The basic information is popu-
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lation by age and sex; students by grade; number
of dwellings by type; dwelling yields showing the
population by age and dwelling type, and students
by grade and dwelling type; migration studies con-
taining number of families, population and student
counts by head of house, age and year moved in

as well as year moved out, and the extent of in
district migration.

Data and reports from other sources should be
included. The Federal Census is an excellent
source of socio economic data. Zoning changes and
construction starts should be monitored. Non
public school attendance should be documented.
Area birth rates and migration indicators such

as availability of mortgage money can be gathered.

CONCLUSION

Accurate enrollment projections require good data,
analysis and luck. The basic indicators are past
enrollment trends, migration, birth rates and
dwelling yields. As long as these indicators be-
have and/or remain predictable, good enrollment
projections are possible. Other data collection
and analys:is is necessary to keep tabs on the in-
dicators. Consistent data collection and report-
ing permits variations in the tremds to be ident-
ified early. Appropriate amalysis is then used
to translate these changes into revised enroll-
ment projections.

el




COMPUTER-AUGMINTIID TLACHER TRAINING:

AM UNDERGRADUATE PROGRAM IN MATHEMATICS TEACHER EDUCATION

by

Portia C.

rlliott and Howard A. Peelle

University of Massachusetts

INTRODUCTIN

"rventually, programming itself vill become
more important even than mathematics in
early education." -- Marrin Minsiy (13)

The oreceding quotation suggests a dra-
matic departure £rom the nrovzrhial three
R's in elerentary education and nrophesies
the inclusion of a powerful "P"-~program-
ming--in the curriculum of tomorrow. Pro-
gramming is not to be confused with pro-
grammed instruction (PI) or narrowly con-
strued uses of computer-assisted instruction
(CAI) which places students in passive,
almost docile roles by giving them pre-
packaged programs with preordained answers
and nrescribed paths to those answers.
Rather, orogramming (in an education con-
text) involves students actively directing
the conmp:ter to solve problems or to create
original projects. Programming is funda-
mentallr a learner-centered activity--one
which allows the learner to take increasing
resnons:nility for his own educational des-
tiny.

Nacentl, other computer scientists and
elducators have envisioned programming in
the elemnntary school classroom. Dwyer (4),
Luehrmann (11), *tilner (12), Panert (14),
and Peelle (16), all have advocated student-
controllnd =ornuting and non-exnloitative
uses of comnuter technology in education.
Panert's (14 (». view of an ideal rela-
tionshin hetween student and computer ais
narticularly refreshing:

. . « technology is used not in the
forn of machines for processing
children, but as something the child
himself will learn to manipulate, to
extond, to anply to projects, there-
by rfaininc a greater and more articu-
late mastervy of the world; a sense of
power or annlied knowledge and a self-
confidently realistic image of himself
as an intellectual agent.

‘fanv of the activities and concents in-
volvad 1n programming a computer are, in-
Aeed, inmmortant to learn. The notions of
"hug" and "debugqina"; of algorithms (pro-

cedures) and sub-procedures; of iteration
and recursion; and of feedback and heuris-
tics are intellectually "»owerful ideas"

(to borrow again from Papert). They are
ideas we rely unon evrry dav--perhans un-
consciously--to prcocess information from
the world we perceive and to make decisions,
plan, think, etc. 1In brief, these ideas
are important tools which can serve as
building blocks for further coqnitive devel-
opment. 1

The question then arises: "What about
teachers and their development?" What know-
Tedge and what skills should teachers have
when computer pPrograrmina is accepted in
elementary schools? The answer is not found
in the simnlistic suggestion: "Take a com-
cuter course." ’'fost (so~-called) computer
courses are not designed with applications
for teaching in mind. And yet, if concepts
of programming are valuable cognitive tools
for students to have, are they not for their
teachers as well?

Unfortunately, teacher training in com-
puter usage has been mostly neglected. 1In
their report, "Factors Inhibiting the Uses
of Computers in Education," Anastasio and
Moraan (1) cited lack of adequate teacher
training programs as a major deterrent to
computer use in schools. The Conference
noard of the Mathematical Sciences' renort
(2) listed the following as one of their
recommendations:

We recommend . . . the development
of a variety of prog ams for the
training of teachers and of teachers
of teachers of high school courses
involving comnuters.

But, teachers themselves are notorious for
resisting innovation. Thev seem to harbor
a lot of myths and fears ahout technoloqy--
particularly about computers. For some
teachers, the computer is seen as a vulgar
intrusion into their private domain--the
tlassroom~-~and threatens their very jobs;
for others, computers are vonder-machines
which "can do anything" or (worse yet) are
"smarter than neople"; and for many, there
is a deep re luctance to use sophisticated
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equipment--usually expressed as "No thank
you ., . . I might break something" in order
to avoid exhibiting ignorance. These fears
and myths are, of course, largely based on
misunderstandings or lack of understanding
about computers.2

S0, the problem for teacher education
remains: How should we train teachers who
will be exposed to computers and program-
ming? Granted, not all teachers can teach
programming effectively; some may become
expert in other aspects of computer usage,
such as curriculum development. But at a
minimum, teachers need to be able to convey
the importance of knowing about computers
and be able to arrange computing environ-
ments which foster the development of com-
petent learners.

COMPUTER=-AUGMENTED TEACHER TRAINING--AN
OVERVIEW

A new teacher education program has been
inaugurated at the University of Massachu-
setts' School of Education under the title:
"Computer-Augmented Teacher Training"
(abbreviated CATT). CATT is an undergrad-
uate program designed to train prospective
teachers of mathematics,3

The primary goal of the CATT program is
to develop teachers' competencies, utilizing
the computer where and when it augments
their training. Three subh-goals of teach-
ing competency are identified as follows:

v

1. Dpeveloping Cognitive Comnetencies

Develonment of competence in mathematics
content areas (what to teach); and develop-
ment of competence in methods of effective
teaching (how to teach).

2, Developing Affective Competencies

Pevelopnent of self-concept (confidence
in teaching) exnression and management of
emotions (self=-control).

3. Developing Social Consciousness

Learning the advantages and limitations
of technoloqy (what computers can and cannot
dn) ; understanding man-machine interaction
(comnuter literacy); awareness of critical
issues in a technological society.

COGNITIVE COMPETENCFE:
TEACH AND HOW TO TEACH

KNOWING WHAT TO

In order to strengthen teachers' cogni-
tive comnetencies, the CATT nroaram offers
training in hoth content and methodology;
this is, prospective teachers are taught
what to teach and how to teach. Trainees
develop their undeTrstanding of mathematics
as they are re-introduced to fundamental
mathenatical concepts via a nrogramming
lanquaqge. (See "Learning "athematics via
A Programming Lanquaqge" below.) Trainees

also become acquainted with pedagogical
strategies for teaching mathematics effec-
tively, emphasizing use of computer tech-
noloqay and programming paradigms. (See
"Teaching Mathematics Via A Programming
Lanquage" below.)

Learning Mathematics Via A Programming

Lanﬂuage

Based on the idea that "a good way to
learn something is to teach it," teachers-
in-training in the CATT program "teach"
the computer. That is, they learn mathe-
matics by communicating their newly assi-
milated knowledge to a computer, using A
Programming Language.4

The role of the computer is like that
of a "model student."™ The computer res-
ponds only to explicit instructions; it
does exactly what it is told (even if that
is different from what one thought one told
it); once it is "taught" something (like a
rule), it does not forget or distort it and
can apply it accurately upon command; and
it is (usually) ready to accept more in-
struction, tirelessly and obediently.5

Thomas Kurtz (10) and the hartmouth Se-
condary School Project staff are prooonents
of this "computer-as=-nupil" approach for
high school students:

Recause we had to teach an iqnorant
machine, we were forced to break

the process down into pieces, ar-
range these pieces in the proper or-
der, and present them to our pupil
machine and see if our instructions
were nresented in a logical, fool-
proof way that it could follow. Be-
fore we made the effort to teach
this punil, we were forced to clearly
understand the problem ourselves,

The amproach applies equally well to teach-
er training.

Teaching "Mathematics Via A Programming
Language

In this asmect of their training, pros-
pective teachers bhecome acquainted with
strategies for teaching mathematics effec-
tively. This includes the pedagoqy of
using the computer directly in the teaching
process. HNot only do these teachers learn
about computer use and its application in
mathematics, but also they are shoun how
computer prograrmming, in particular, can be
used as a means for teaching mathematics.

'7Thy use computer nrogramming in train-
ing teachers? BRecause certain nrocesses
intrinsic to programming a computer are a-
nalogous to some powerful methods of teach-
ing. For instance, only by programming can
prospective teachers learn to control the
computer and "debug" programs {eliminate
errors)., Just as a teacher must lecarn how
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to handle academic and discaiplinary “"bugs"
in the classroom, she/he can find strate=-
qies which vork for "debugging" computer
proarams.,

in the role of "model student" (describ-
el carlinr), the computer allows cne to do
somne "nractice teachina"--=with no detriment
to real students! The teacher treats the
comnuter as a simulated student--with no-
tential for dcvelowving its innate ahilities
--and many observe the cffects of different
teaching approaches.

A var:rety of nedagoqical strategqies to
the nrosvective teacher. The strateqgies
are actually a set of heuristics which

teachere nma'» nse to facilitate student
learning ac-ivities.6 For examrle, they
night:

--lse "1mipulative ‘iaterials

~=Lncourice Articulation of Thinking
nrocesses

-=I'nerearate Asticulation of Oraticnal
Reacticns

--Allow Increasing Learner Control

--Chanqe Pedaqgngical Strateqgios

APPLCTIV™
CONTIDICT

COMPETRNCT ¢
I TEACHING

SFLE=-COMNT0OL AND

In or er to develon the affective com-
netoncics of teachers, they are nlaced in
active le-rnirag environmants-—environnents
in which ! nth succese anl failure are like-
lv to occur. (Thls 1s characteristic of
the tyn? »¢ ¢aviron:~nt in which they will
hr eventually teaching.) That is, by ac-
tively dealine with their ouvn emotional re-
actions to success and failure, prospective
teachers can imnrove their self-control and
Anvelon cenfidence 1n their teachina abil-

HR AP

nece a awn, the proaramming naradaign
helns. " n 2 teachar-in=trainini vrites
a nroaram, 1t eirther works nronerly or it
doesn't. "uccess or failure is easily re-

By contrast, in human affairs,
success and failure are oftén ambiquous and
A1fficult to rdentrfy. 'hen a program 1is
the objest of attention, there can he joy
in seeiny shat “it woris!"; or, of course,
there can .e frustration caused bv irre-
nressible "bugs", But, in either case, an
emotional reaction is illicited; and that
reactiorn 1s exnlicit and focused--but not
at anotl.er person--making it easier to
deal with,

cognized,

Learnin3y t£n manage o ermotional re-

actions can b2 facilitate vy the nresence
of a computer. When a nrograrmmer is suc-
cessful, she/ne has a rmedium available for

automaticallv and proudly displaying results.

"hen a wroaramnar is not successful, she/he
can debug the progran 1n private consulta-
tion vith the computer and wvor% throuah the
accompnanying snotional stress without any

alditional social embarrassment. The moti-

7

vation for dealing with failure construc-
tively is strong--for things will certain-
ly not get any better unless you do some-
thing about it. After all, the computer
cannot fix your program!

SCOCTAL CONSCIOQUSNESS:  COMPUTER LITERACY

In order for teachers to become more
aware of the extensive commitment our so-
ciety has made to technology, the CATT pro-
gram is designed to develop their social
consciousness., Cognitive and affective
teaching competencies arve not enough.
Teachers need to know about the advantages
and limitations of advanced technology=~-in
particular, what computers can and cannot
do.

Developing such a "computer literacy"
is important if a teacher is to effectively
deal with nroblems of a technoloaically-
oriented society. Several studies of com-
puter use in education have cited computer
lateracv as a high priority.7 Accordinqly,
the CATT program nrepares prospective teach-
ers with special skills, such as ability to:

--Identify cases when technology is used
as a shield behind which decision-makers
hide, ec.a., "The computer gave us this
anzwer" (school busing route);

-=-Critically analyze curriculum materials
for neGgative racial or sexist overtones,
particularly computer-based curriculum:

--Debunk myths (e.g., computer omnipo-
tence) and assuaqge fears (e.qg., "The
computers are after our johs").

These skills translate back to comnuter
literacy. For, as Alvin Tofler (17) but it
"Tomorrow's schools must . . . teach not
nmerely data, but wvays to manipulate it,"

The comnuter 1s man's most powerful and ver-
satile tool for manimulating data. Indeed,

it is a supreme symhol manipulator--perform-
ing instructions at speeds measured in nano-
seconds, which far exceed man's own capabi-

lities.8

But, the major reason for including com-
puter literacy as a sianificant comnonent of
a teacher education program is not so that
teacners (or anyone clse) will compete with
comnuters. Rather, teachers should he at
the forefront, charged with the resnonsibi-~
lity for teaching computer literacy (along
with other essnantial literacies). They
themselves must, ther~fore, learn how and
why computers are used. “pecifically, this
involves:

-=¥nowledge ¢f comnuters (what & comnuter
is; .ow a comouter works; etc.);

-=-Xnowledge of corputing (information pro-
c28sing; alagorichms, etc.):

--Knowiledqga of applications (what compu-
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ters can do/can‘t do);

--ExXperience in computer usage (man-made
interaction);

--Using computers in teaching (computer-
assisted instruction; computer-managed
instruction);

-=Programming (how to control the compu-
ter) ;

-~Issues and Implications of Computer
Ubiquity (data banks vs. privacy; arti-
ficial intelligence, etc.).

CONCLUSION

In summary, the CATT program described
here has several distinquishing features
which make it unique in teacher training.
First, the computer--and A Prograrming
Lanquaqge in particular--pla¥y a central role
In the develonment of prosnective mathema-
tics teachers. Second, modern technologqgy
is interwoven with traditional teaching ap-
proaches and content is blended with meth-
ods to make a pal table mixture for teacher
trainees. Finally, the program stresses
development of cognitive, affective and so-
cial competencies in prospective teachers
to ensure that future learners will have
teachers who are more knowledqeable, more
sensitive, and more humane.

NOTES

1Sor\e preliminary resecarch efforts have
attempted to connect Piaget's developmental
theories to the learning of programmina con-
cents. See dissertations by Michael Folk,
"Influences of Developmental Level on a
Child's Ability to Learn Concepts of Compu-
ter Programming," (Syracuse University),
1972; and Joyce Statz, "The Development of
Comnuter Programming Concents and Problem-
Solving Abilities," 1973, (Syracuse Univer-
sity).

2For further exnlication of this point,
see Rork (3) and Peelle (15).

3l-lhile this program is open to prospec-
tive teachers of mathematics at all levels
~--clementary, intermediate, and secondary--
it is described here only in terms of ele-
mentary mathematics teacher training. (A
complete description may be obtained from
the authors.)

4APL (A Proqrammlng Lanquagc) is a gen-
eral-purpose interactiveé computer program-
ming lanquage developed by Kenneth Iverson
(7) and supported by IB* Originally con-
ceived as a unifying mather.atical notation,
APL is a lanquage with simple rules and yet
of fers a user great computational nower and
flexibility. APL has been anplied success-
fullv 1n fields such as business, scientific
research, and education. (See Iverson (8).)

72

5If a computer is not availabhle, the ac-
tivity of "dry" programming is still valu-
able for cognitive development. See Iver-
son (9) for a description of using A pro-
gramming Language as a notation for clari-
fying concepts and procedures.

6'I‘hese are "heurigstics™ in the sense
that they are not gquaranteed to work for
all students at all times. See Dwyer (4)
for a broader description of "Heuristics
for Using Computers to Enrich Education."

7See, for example, Degle (2).

81n the arca of pattern recognition,
however, the comnuter does not fare as well,
comparatively, A major area of research in
artificial intelligence is devoted to what
humans reqgard as relatively simple tasks of
pattern recoqnition, such as distinguishing
between (script) letters of the alphabet.
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INTERACTIVE REPEATABLE TESTING:
A MANY--FACETED TOOL

pavid P. Yens and Victor R. Martuza
University of Delaware

Many college and public school teachers have,
within the ’ast few years, found that the tradi-
tional lecture and test method of instruction does
not meet the needs of their students for adequate
mastery of ccurse mater:als and interest in course
conlent. This has led to a search for new instruc-
tional methods and has resulted in the mplemen-
tation of open classrooms, independent ~° 1dy,
modularized instruction, performance or competency
based instruction, and other non-trad:itional
methods. A necessary ingredient for the success
of several of these methods 1s an effective test-
10j program which incorporates the development
and administration of test items and the analysas
of results. Several people across the country
have recently started to use the computer for help
1n the testing process because of 1ts storage
capacity, ability to manipulate large data bases,
and analytical capabilities. Most test-related
uses of the computer have been oriented toward
test scoring and the development and evaluat:ion of
large pools of 1tems. For example, tests might ve
printed by the computer and copied for the stu-
dents who respond usang mark sense forms. These
forms are fed into the computer with item identi-
fication information and the resulting data may
be stored and used for later analyses. An excel-
lent roview of several computer assisted test
construction projects s provided in the March,
1973 155ue of Bducational Technology.

Origins of the Computer
Assisted Testing Project

At the the Univers:ity of Delaware, several
faculty 1in the Cnllege of Education have devel-
oped courses that are partially or completely
designed to permit independent study. They were
especially concerned with ways of pesmittaing
students to demonstrate mastery of each curric-
ulum module or un:it It was believed that the
learning process could be iumproved by permitting
a student mcre than one attempt at a criterion
test, but this would require several different
cuples of a test for ecach unit. To solve this
problem, the faculty turned wo the computer.

In 1969 4 computer program was developed by
Teresa Green to generate randomly parallel tests
wilh a specified number of questions from a large
poo' of test questions. Test questions were ran-
domly selected -0 %hat any item might appear on
any copy of the test, but the same item would nct

appear more than once on a particular test. A
blank was prowvided for the student to enter his
response to each question, anc a separate strip of
the output was reserved for the answers. Thas
answer Strip could be separated from the praintoat
containing the questions before the test was given
to the student. An ainstructor could then compare
the strip with the student 1esponses and casily
grade the test. The random:ization of the questions
made 1t possible for a student tc take a test two
or three taimes with a low probability of seeing a
question repeated. Note that each student had
his own copy of the test printout; tests did not
need to be reproduced in the usual way.

The basis of this competency-based modular
learning process was carefully specified behavioral
objectives to gurde a student's study of assigned
reading mater:als. A student’s grade depended upon
the number of points he accumulated for his work.
The tests were criterion-referenced in that a
pre=specifired minimum score had to be achieved
before credit could be granted for the unit.
Clearly, 1t wes advantageous to permit a student
to take¢ more than one test on a unit to insure
that he had reached an acceptable level of compe-
tence.,

Based on our experience, the paper
and pencil tests have worked reasonably well but
they have several disadvantages. Several hundred
tests must be generated per:odically and carried
to the testing locat:ion. Answer Strips mus: be
separated from the questions. Someone must always
be present to distribute and score the tests and
periodically file them. With large numbers of
tests and students these tasks are time-consum-
1ng, arduous, and likely to result in errors.

As wath all paper and pencil tests, students
have the opportunity to view all questions at once
and may obtain aid from one question in answering
another. The students, of course, may see this as
an advantage, but 1t may lead to large differences
in test difficulty so that any given test may not
provide a true :indication of a student's knowledge.
This 1s especially true 1f several items refer to
one concept. For the courses that have been
developed thus far, this problem has not been
especirally noticeable, but the potent:ial for
difficulty exists.

when test tems are us°d repcatedly, 1t 1s
desirable to obtain :item analysis data for the
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evaluation of the items. In this way, items that
are especially easy or difficult or wh*'~h are con-
tusing or misleading can be detected and rewritten
as necessary. With paper and pencil tests, trou=-
blesome i1tems can be detected through discussions
with studerts, but the psychometric properties of
the i1tems cannot be determined because the random
nature and the large number of tests makes the
application of item analysis techniques quite
difficult.

The Computer Assisted Testing Program

A solution to several of the problems with
paper and pencil tests, and the next logical step
1n the esting program, was the development of an
administration process in which the computer
administers *the test darectly to the student. An
additional reason for taking this step was the
desire to introduce education students t< com=
puters before they encounter computer facilities
1n schools in whach they will soon teach. Final-
ly, this was seen as an important step toward the
establishment of a comprehensive computer assisted
instruction and computer managed instructicn
program which would meet a cratical need within
the College.

Three cathode ray tube (CRT) terminals were
ordered and programming was initiated in December,
1972. The fairst students took tests via the
terminals in Apral, 1973. 1Initially, the program
was very simple, but extensive improvements have
been made, three more terminals have beer obtain-
ed, and, recently, upwards of 200 tes*s a day have
been administered.

The six terminals are presently connected via
300 baud acoustic couplers to a general purpose
Burroughs B6700 computer that handles all the
University's computing. The testing center is
open 50 hours a week and is staffed by one full
time proctor and several part time student proc-
tor. who provide assistance to 800 or so students
taking the independent study courses currently on
the system. Shortly after the start of a term the
students generally know what to do, thus freeing
the proctors for additional duties such as data
tabulation and maintenance of student files. To
provide a backup in the event of occasional com-
puter down time or when the student load becomes
too great, paper and pencil tests are available
and are administered and scored by the proctors
when required.

In our system the students' interaction with
the terminal was designed to be as simple as
possible. All student responses are set up as
formatted anput. the student answers each question
as 1t 1s asked. By faculty request, feodback is
provided after each response, and a student con-
tinues to respond until he selects the correct
answer. A comment option 1s provided that permits
the student to store a narrative comment for each
question and for the whole test. These comment3:
are incorporated into the student record file for
later review by faculty. Upon completion of the
test, a summary of the performance :s displayed.

The program contains a number of options for
controlling the interaction with students and for
generating a variety of student records. Items
can be sampled from the item pool with or without

replacement for specific students and/ or specific
tests. Feedback can be modified or eliminated from
the testing process if desired.

The data base contains identification, item
response, response latency, and comment infor-
mation for each test administered. Several
options fo: r‘enerating student records are avail-
able. Both ~tudent-oriented and item-oriented
outputs are provided, and several parameters may
be manipulated to select on differsnt attrabutes
in the file. This student records system Provides
a powe: “ul means of analyzing item responses and
improving the item pools.

A new addition to the program is an automatic
records-keeping routine that automatically stores
a student's score in a separate file. Thus, all
scores for all tests are directly addressable for
each student. This file is dumped periodically tc
permit students to review their Progress and to in-
sure accuracy of the results. Of course, at the
end of the semester this file provides a complete
record of each student's rjerformance. A_special
ut1lity routine permits tne addition of scores
from the paper and pencil tests to this student
scores file.

student and Faculty Attitudes toward CAT

Student attitudes toward the use of computers
.or testing and ainstruction ?iye been assessed
with a 59-item questionnaire for several terms.
Attatude information has also been gained through
the use of course attitude surveys and through
discussion with the students. In addition, perfor-
mance data for one course have been analysed.

In contrast to normal uses of attitude
surveys, we administered the form both before and
after testing ani were able to assess changes in
attitude. The pre-testing results indicate that
students have a slightly positive attitude toward
the use of computers for testing and instruction,
wut are concerned about the mechanical aspects
such as the ease of operating a terminal.

The first major use of the attitude ques-
tionnaire was during the spring semester of 1974.
This turned out to be a period of numerous problems
and problem solving activities for our pProgramming
staff and the Computing Center staff. System
crashes and program difficulties occurred more
often than were desirable. Consequently,
1t.was not surprising to find a decrease in positive
attitude toward computer uses for testing and
instruction. However, on the Likert-type items,
the means of the responses were typically rather
close to the neutral point which, under the circum-
stances, indicates that the average student will
accept the use of computers for testing even i1 he
encounters occasional computer problems. Further-
more, student attitudes were more positive toward
the mechanical aspects of the operation; students
found the terminal operation easier than antici-
pated.

(1) This questionnaire 1s an extensive revision
of one dereloped by Bob Brown at the Pennsy-
lvania State University (Brown, 1966).
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Despite the difficulties encountered by the
students, an independent course evaluation con-
ducted by the 1instructor of a psychology course
(for which 400 students were taking tests via the
terminals) indicated that students strongly pre-
ferred the testing by terminals to the more tra-
ditional testing process, and they thought they
learned more than in a “traditional" course. They
viewed the computer quizzing as a very valuable
aspect of the course. Almost all students 1in all
courses gave high marks to tlie opportunity to work
at their own pace, knowing the results after each
question, and being able to take more than one
test. As might be expected, there were some
students who intensely disliked the use of term-
1nals or were afraid to use them, no matter what
the environment.

during the fall of 1974, the computer and
prograns worked quite well; the environment was
about as good as it will get. A mid-term ques-
tionnaire was administered to 130 students.
‘ineteen percent reported they were afraid to use
the terminal or hated to use it. However, thirty
percent enjoyed using it, 32 percent didn't mind
using it, three percent had no cpinion, and 16
percent preferred not to use the terminal. Most
of the negative group seemed to be con a2rned about
seeing the whole test and being able to go back
ind change answers. However, questionnaire
results indicated that this problem decreased with
1ncreasing terminal use.

Typically, on course evaluation question-
naires that permit students to specify most liked
and mos: disliked features of the course, the use
of terminals 1s mentioned about equally in both
categories. This seems to be independent of the
abrlity of the student, his total attitude toward
the course, and the testing environment.

The analysis of scores for quizzes taken by
the same students on terminals and hard copy
indicates that there is no marked difrference in
performance. It &ppears that the use of term:inals
makes little difference even though some students
feel that 1t does.

Ffuiulty have made extensive use of the item
analyses provided at the end of each term.
Corractions, additions, and delet:ions to the test
question file may be easily made using the time-
snaring editor. Faculty who have incorporated the
CAT process 1nto their courses have been quite
sat:sfired and have continued tc add units and/or
guestions to their files.

Discussion and Summary

The ~omputer assisted testing model that nas
been developed has several advantages and some
disadvantages for all participating. From the
student's point of view, the advantages of this
approach are:

(1) The self-pacing capability allows stu-
dents to work through the course at whatever rate
suits them.

(2) The provis:ion of immediate feedback
nakes the testing activity a learning as well as
an evaluation experience. -

(3) The mult:iple testing opportunities
provided for cach instructional unit perm:it most
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students to achieve most of the unit objectives.

Anxiety levels are typically lower than for tra-

ditional tests; usually, the whole grade does not
ride on one or two tests.

(4) The independent study format relieves
the student of the task of listening to lectures
on content he already knows or could easily learn
on his own.

Some of the disadvantages, from the students'
viewpoint, relate to the instructicaal materials
used and/or the lack of alternative ways of
demonstrating achievement of unit objectives. The
self-pacing fealure allows students to procrasti-
nate so that there are always a few students who
attempt to take all the tests during the last
week of class.

From the instructor's voint of view, CAT
confers at least four advantages:

(1) The level of student achievement is very
high. Comprehensive pre- and post measures taken
over several semesters have indicated that this
method is superior to the standard lecture ap-
proach used previously.

(2) The role of the instructor who uses the
independent study approach changes considerably.
The bulk of his time is now spent in developing
and revising curricular materials (both instruc-
tional and mecasurement materials) and tutoring
students who experience difficulty with specific
concepts or techniques. The latter activity
provides a great deal of useful guidance for the
curriculum development phase of his work.

(3) If desired, supplementary activities
which facilitate transfer of training and the
enrichment of student learning can be added on.
Such activities may include lectures, field trips,
short term interaships, research projects, etc.
The point 1s that the CAT rodel, with independ?nt
study, frees the :nstructor of many %ighly routin-
1zed functions associated with more conventional
approaches and allows him to engage in more inno-
vative and profitable activities.

(4) The i1ndependent study CAT model allows
the instructor tc turn an entire course into an
ongoing research laboratory in which he can study,
in a very controlled fashion, the interrelation-
ships which exist among CAT system variables,
content variables, and student variables. The
opportunity to do quality and productive instruc-
tional research is an invaluable aspect of this
approach.

At present, threc possible problem areas
associated ‘with CAT can be identified:

(i) System reliability 1s of utmost impor-
tance. The mplementation of the sophisticated
CAT system on a large mult:ipurpose computer
attempting to satisfy the diverse and demanding
user community resulted at times :in an intolerable
number of system failures. Clearly, rel:iability
1S a necessary condit:ion for the success of any
CAT mplementation. Fortunate¢ly, most of the
problems seem to have been worked out and we feel
justified 1n expanding our activity as additional
resources become available.

(2) The secur:ity of the test item bank 1is of
cont:inuing concern. The CAT approach requires a
higher level of security but, by i1ts very nature,
1t s a very dafficult system 1n which to maintain

AT
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security. At present, security 1s maintained by
a maze of user and project numbers, through using
the 1tem file 1n packed form, and through using
special keys on the CRT keyboard to permit access
£ the testing program.

(3) Resource allocation is a continuing
problem. Once the success of such a systeri has
been demonstrated, demand grows. The problem 1s
further complicated by different production modes
and research demands on the testing. The reso-
lution to this problem depends heavily on the
prospects for acquiring additional resources
and/or reordering the priorities of the academic
units rnvolved.

As mentioned above, outstanding opportunities
are afforded by the CAT process for conducting
several kinds of research. A few areas for re-
scarfh are related to the following:

(1) Testing time 15 always at a premium. In
CAT courses, students spend a great deal of time
testing. Therefore, testing efficiency is of
great concern. How can the maximum amount of
1nforaation regarding student achievement be
obtained 1n the least amount of test time? A
nunber 0f researchers are currently working on
this problem. Some potential answers may lie 1in
sequential {or tailored) testing, in the appli-
catinr of Bayes:ian techniques to 1item selection
and analysis, and possibly in the use of confi-
dence measures.

(2) The effects of variables such as type of
feedback, spacing of testing opportunities, size
and nature of the item banks, setting of mastery
cut points, etc., on student learning and atti-

udes have yet to be systematicaily studied.

{3) At this time, we xnow very little about
the ways in wnlch students use the CAT system. A
catalogue of such strategies, an evaluation of
their relative effectiveness, and the deternin-

at:on of whether or not they can be successfully
ased he arhers 1s clearly apnrapriate and wpor-
tant at zhs faae.

<omputer assisted testing has unquestionably
expandea the repertorire of instructional strat-
eGiec avatrlable o faculty. However, the full
raaje of “he effents 0f such strat<dies on student
Iearning f amd attitudes toward course content
Rave vet to be ansessed. CAT appears to have
Ggreat potsatial; a systematic exploration of its
usefulness 1s now in order.
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APPLICATIONS OF DATA PROCESSING
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course or laboratory.)

“When registering, the student must present his
advisor card and time permit at the admitting
door. At station "I", a faculty member mahkes
certain the student s registering at his appoint-
ed time, and it so, allows him to enter.

At station "2", returning students are given 2
copy of their permanent record at Tarrant County
Junior Colteg2. This copy lists all courses
taken, the grade earned, the grade point average,
etc.

After being counseled, the student knows what
courses he should take and enters the sectioning
rooms, station "3", which have signs listing the
departments on the outer doors. He goes to the
appropriate department tables and requests what
courses he wants and the desired time. The fac-
ul ty member records the course, section number,
¢ays, time, building and room, and gives depart-
mental approval. The faculty member records this
information on the advisor card from a report
generated by tne course master calied the
Enrollment Status Report

Prior to a registration period, rthis
garollment Status Report is distributed to each
c¢epariment and taped down on sectioning tables.

ne Enroliment Status Report is similar to the
course master, but contains information in the
sa~e orger as is on our advisor carg. It has the
co.rse, depzariment, nuwber, -itle, the :niczue
section nurber with the suff.x letter, time, deys,
rooms, instructor, enrolliment maximum, and dif-
ference. These last three columns always alloa
.5 'O wnos how manv are enrolled, maximum al'oca-
tion for the course, and now many seats in class
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spent. While some obviously took longer than
this, uvthers tcok less time to complete the
registration process.

ADD-0OROP AND LATE REGISTRATION

On the first class day, we begin a three day
late~registration period, as well as a two day
add=drop period. Students involved are handled
ir much the same way but in a greatly reduced
space. As stated, some students will have sign-
ed up for classes "killed" due to insufficient
enroliment, and others will decide they want to
add or drop a course. For students registering
late, the process is exactly the same as we have
Just described. [f a student is in a "killed”
class, he does not have to wait in line because
the college feeils obligated to assist him in
jetting a valid schedule.

Additionally, siudents are allowed to change
their schedule, but must have 2 numbered permit
represanting their reserved place in line in
order 1o be admitted 1o tne add-drop crex. This
permit distributed from the Registrar's Office
cuts down on long lines, soothes tempers, and
allows students to report *5 a class or come back
at 2 later tima, It §s an appreciated service to
tre students involved.

Afrer antering, the stucent fills out a heng
trer fore and a3 <opy Of his prinies schedule
3 aulled. A Counselnr will drop v - ‘rom the
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Aherever students add and drop courses, in-
structor's class rolls will be outdated. Our
program is written to generate a teacher notifi-
zation card on each drop and add entered in the
S.roaten.  lnstryctions ang appropriate action 1s
Lirted on the card. These are Zistributed daily
tO *he faculty. After the three day add-drop
period is over we do not allow students to add
Cour,es, but dc allow them to drop courses until
the tinal two weeks of the semester.

fifsf preliminary ciass rolls are run the
ire= day after registration and distributed to
tac vl‘y. A secony preliminary class roll is run
on thae fifth class cay or after our add-drop
pericd is over, so they may have a more accurate
ligting of stucdents in their classes. A discrep-
A1Cy sheet is attached to the second preliminary
ciass roll., Tre faculty is asked to record the
~re of any student who should be on the roll but
i.es not aopear, and also anv who are cn the
<l2ss ~< 1l but have never attended class. By
checxing thus discrepancy sheet, We may find 3
tea StuZer?s wno somehow are attenc.ng the wrong
Iless, Funal official class rolls are run on the
trirreenth class dav.

‘

RACE REPORTING, PERMANENT
l\) |-u(f NAL REPORTS
To -~ecorc mid-term and final grades, we dis-
trid.te jrade sneets (a listing of all students
+n each class) to +ne faculty. The instructor
ari-=s *he grade on the grade sneet, and returns
*ner 21l -o the Registrar's C¢¥ice. The grades
are then udcatad on the CRT's by the secretaries
in *n2 Reaistrar's Office. Four codies of each
2nt stucent's permanent record card are
tec. ite firs® or ¢rigina! codv is micro-

: Tes &nc plazed i1 student's fiche jacket and
.S2¢C *¢run Transcript reguests., The other
WODIes ure mar<ec witnh a onantom design, "for
s=.zent uwse only", and are distributea to the
Retig*rar's 0~'gce, Zounseling Office, and to the
57.32n7 #ho raceives it as Nis semester grade
rezc”*. Trans:ripts can be mailec on request the
ex" alr«<ing cay a‘ter grades nave been turned

i RECORD, AND

-
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r
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itional resorts «4nich are run from the
u;w.r master ‘ile a~d tne course raster file

a-e:  student _oursae loaus, concurrent enrol tees
LSoealh LaTous, cit sr.dents, building and room
stilizatior, Zoordineting Scard reports 001 and
233, Suti-Time Equivalency, add-drop analysis,
rase gnelys.s, probation-suspension reports,
3tuients by m3,0r, honcr reports, error statis-
tics sumirg3 registration, a statistical analysis,
arie53 20uLrs raport, Student Profile Report,
27a% inal=Technical Report, and Fee Audit
Recort .

In surmary, the major ajvantagas of tre system
ars as fcliows:

. <nyounch irgut compares fasorable o the
cull cars metndd when considering

accuracy.

s. Flexidbility 1~ upCating the course master
e,

3, Tast turn-around time in processing sched-

iles, class roils and reports,
. Registration is contined to a three-day
perind.
5. tudents receive a machine printed copy of
their schedule.

81

6. Students spend very littie time in the
compiete registration process.

7. One-way flow in only one building for the
complete process.

8. Every student has an accurate schedule
with no cenflicts or omissions.

9. System is adaptable and compatable with
the add-drop process.

10. The system 1s simple to implement and
control.

Il. All fees have been accurately collected.

12. Onty one card is used to generate the
student schedule and none are used to
generate class rolls.

13. All of the faculty are not required to
assist in registration for the full three-
day period. .

14, Our add-drop transactions represent less
than 10% of our total head count.

15, We can stay with this system through our
expected large enrollment increases in the
future.

All colleges have raeir own admissions, regis-
tration, and reportin; systems and all do what
they feel is best for them. We don't propose
that any college change to what we are doing. We
are convinced, however, that ir our particular
situation, the system discussed in this paper
does what we want done the easiest, quickest,
most accurate way. We will continue to make im-
provements and refinements as needed and as
circumstances allow.

Glossary of Terms

ASR (Admission Status Report) - listing of all
applicants for a specific semester which also
includes 1tems necessary to complete their
file

AAR (Admission Action Report) = listing of all
applicants for a specific semester who have
turned in all items required for admission

CRT (Cathode Ray Tube) 18M Video Terminal
Display

Course Master - listing of all courses of fered for
a specific semester on a specific campus.
This file is essential in our control of reg-
istration and student records.

ESR (Enroliment Status Repori) - report generated
from the course master used in registration
as a control of classes. A new printout is
run after each registration period.

FTE (Full-Time Equivalency Enrollment Repors) -
report that shows accurate data of registra-
tion, number of students enrollec, full-time,
part-time, day, night, etc.

Coordinating Board Reports - required by the
State of Texas for funding and statistical
information

td‘ :\}
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Universit.

fhe proliteration of computer and (omputing
technelozy 1o the past ten vears has had an

erfect o1 avariy all academic disciplines. Cer-
tainl., athletics and related programs are no
e<cenption,  fhe utilization of (omputing services
as well s the number of applications supporting
athliiies 1s Jow when compared to more tradition-
4l cumputer related actavities (e.g., engincering,
scivnie, vto.); however, verv much on the in-
(rease. ’

The 1adoctrination of students in high school
and (oliege to computers and their technology has
resultad 1n orienting people of all disciplines
to the merits of vomputing. This, coupled with
the i reasing availability of hardware, has pro-
vided th opportunity to> apply the valuable re-
T s 3 automation to support athleties.
Matiomas - eposuze uf professional athletics and
the irecient reterences 1n the media to the pro's
use of Caputers bave also setved as catalysts to
many p.ole responsible Jor athletic prograws to
investisate the computer’s potent:ial for th:ir
sS1taHiten,

The ase of (orpaters by athletics and taerr
related v tivities 1s a verv recent phenomenon.
Howeror, attempts were made as earlv as the late
19505 t¢ 1ntelrate tonputing 1nto sports. A
basehall tean tried roplacing the nanager con-
copt st running thelr team with rotating head
codvnes,  Theo also used the computer to solve
such problems as which relief pitcher to (all in
a certain situation, and probablv which candi-
date Yor head coach should be next 1n line when
the tpcumbent faivled to vield a winner.  lhev
had several problems among which were:  (a)
the lack «t od ball plavers, (b) the atti-

*ude that nlavers should plav the game with-
out the interterence of computers, and (¢) the
Tack of (redibility concerning the information
turnished nv the copputer.

Several otner experinents were tried
through the carlv and mid 19605, Most were
indeed explortory in pature, and required a
high level of computer sophistication on the
part of tiwe user such that few, if anv, were
announc ed as successful. The introduction
and ultimate availabilitv of third peneration
computers, their terminal capabilities, and more
wsable hiph level languages brought a whole new
base trom which to applv computing to athletics
and sport<.  Todav, such things as conversational
terminalsy spedial purpose mini-computers, avail-
abilitv of data base technologv, the potential

CAA: COMPUTER ASSISTED ATHLETICS

John H. Hall, Assistant Director
Computer Research Center
of South Florida

of medium-large scale central processing units,
and breadth of knowledge in the application of
computing have served to provide sports and ath-
letics with some manv unique and creative systems.

Certainly one of the more common uses for the
computer in support of sports and athletics is the
processing of administrative data. Accounting,
budgeting, and other business tvpe functions are
assisted by data processing syst.ms both for pro-
fessional and amateur programs. Such things as
computerized season's ticket files and lists are
often used when the number of tickets involved is
very large. Most of the systems in operation that
perform such functions as listed above are in-
directly supportive of the athletic programs. The
main theme of this paper will however, deal with
applications of more direct support for athletic
contests and athletes through the use of comput-
ing.

Research efforts assisted by computer modeling
and testing have had a very significant impact
on various sports programs. A recent television
special dealing with football injuries devoted
a large portion of time to the portrayal of study
efforts aimed at rmproving the design of the foot-
ball helment. Several major universities were
involved and explained their research techniques
which involved a great deal of modeling and im-
pact stud» analvsis via computer. Should these
studies result in a safer helmet, as it appears
they will, the impact on the footbali plaver will
be veryv direct and beneficial.

Another example of beneficial research that
conld lead to improved performance was done by
Professor James B. Vernon, associate professor of
mechanical engineering at the University of
Southern California. Professor Vernon has de-
signed and built a pole-vaulting pole with a bend
tn 1t. He used the compuater to help solve the
verv complex energv problems involving the motion
of the vaulter, energy in the pole, etc. UOptimiz-
ing on his theorv and using a proper bent pole
design and vaulting technique, Professor Vernon
predicts the theoretical posgibilitv of a 28%,
foot vault.

Contests have been directly affected bv the
use of computers in manv ways. Conferences have

N .

U oJames B. Vernon, "Pre-Bent Pole Looks Promis-
izg." The Bent_of lau Beta Pi, Fall, 1974, pp.
14=-15.
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scheduled their ofticials via computer, and used
the same systems to evaluate their performance.
Several specific examples of computer driven
scoring and displav devices have been publicized
recently. A couple of vears ago an I[BM 1130 was
rounted in a van and made the professional golf
tour. The side of the van served as the score-
board and the computer took care of keeping the
scoreboard up to date as the scores for each hole
came in. Certainly one of the most modern score/
message boards in sports today is at the Harry S.
Truman complex 1n Kansas City. Joe Garagiola of
NBC did one of his specials on the operation of
the baseball score and message board and anyone
watching had to be impressed.

The professionals are not the only ones to
use computers to assist in contests regulation
and scoring. lakeville Junior High, Lakeville,
Minnesota used its interactive computer on the
FIFS (Tota' Information Education Systems) net-
work tor such a purpose.’ They set pairing by
weight, grade, and school for a wrestling tour-
nament of nine teams and 150 wrestlers. Not
onlv did the automation of the pairing process
Save time, it was tar more equitable in its sched-
uling and matching f the wrestlers. Also, the
32nd Annual NCAA National Gymnastics Championship
held at Peansvlivania State University used an
interactive terminal system to tabulate the
scores for 1ts 43 participating institutions, 180
performers, and 5,000 1ndividual scores.? The
intrivacies uf the gvmnastics scoring processes
were all coded 1nto the main computer, so team
ind individual scores and totals were brought up
to date immediately upon entrv. This allowed
of ficials, coaches, and others to gain current
status reports upon demand throughout the session.

Professional football s probably one of the
most prolific users of computer svstems in sports
todav. Nearlv all of the pro teams use computer-
1zed scouting reports to assist them in selecting
plavers in the draft.® Plaver scouting is by no
means the limit of pro-football’s computer
assistance.  Opponent's tendenc ies on offense and
defense as well as studving one's own tendencies
are among the manv applied users of the computer
in game plnnnxng.“ A more thorough explanation
ot a game scouting program and 1ts uses will be
covered later in this paper.

Many other examples could be listed from near-
lv all competitive sports in whi.h the computer
is used 1n one form or another. Specifies on
niany of these applications are kept very confi-
dential bv the teams using them. The advantage
of a team knowing the soec1fic breakdown of
sconuting data used against them would undoubtedly
be a viluable asset. Having been closelv in-
volved with the development of two svstems used
directlv to support athletics, it's very clear
that such systems can be very valuable to a
sports program. The description of these two
svstens tolblow:

"Meet's Terminal Scores Athlet's Jeats,”
Computerworld, December 4, 197%, page 8.

Ward, Gene, "Ward to the Wise." New York Daily
News, October 21, 1971, Sports Sectuion.

Kvle Rote, "Computer in the Startine Livewr,
Think, October, 1973, pp. 24~28.

Athletic Injury Report System

The use of the computer to break down data on
athletic injuries 1s a natural. The process is
a reasonably mundane tisk and very time consuming
if attempted manually. However, the computer can
and will perform this analysis with extreme ac-
curacy and speed. The trainer and his staff no
longer will need to spend many hours of manual
processing to produce reports of their activi-
ties. These manual reports, at best, just
scratched the surface of providing useful infor-
mation. The use of the computer in the analysis
process will allow a greater number of data items
to be considered and yet require less personnel
time to break down.

The procedure used at Northern Illinotrs Uni~
versity the past several years and adopted in
modified form for the 1973 year by seven univer-
sities in the Mid-American Conference ts based on
the collection of injury data through the use of
an optical mark sense (OMR) ~ ' ¢ sheet.®
(Figure 1) This sheet 1 ise. . v training
room and data is collected for ¢ . athlete re-
quiring the trainer's attention. Specific data
items are collected about the injury and its
treatments. There are two items on each side of
the sheet that are somewhat unrealted to the in-
jury itself, but absolutely required to machine
process the sheets. These two items are the
athlete's social security number and the injury
number which is merely a sequence number denoting
how many injuries the plaver has had requiring
visits to the trainming room. Each of these ele-
ments is required on hoth sides of the sheet to
insure the mechanical process of matching the
information on the two sides of the collection
sheet into a single machine processable record.

From looking at the sheet, it is obvious that
the process of recording the data is not an in-
significant task. And, indeed, a good bit of the
time formerly spent on reducing injury data manu-
ally can now be used in recording the data on the
OMR sheet. There are probably several justifi-
cations and rationalizations for reinvesting this
time. First of all, the sheet has the capability
of recording a signmificantly larger number of data
items than are usually recorded under a manual
system. The more data collected, obviously the
more in depth analysis available on injuries and
their treatments, The time spent coding the OMR
sheets can be spread through the entire season;
whereas, the manual compilation of an in ury re-
port at the end of the season would concentrate a
great deal of time within a few days or weeks.
Also, after using the OMR sheets for several weeks
the process of recording on them becomes increas-
inglv faster and easier.

Analvsis of the injury data requires several
steps. These steps are:

(1) Processing of completed forms throagh the

OMR reading device and converting data to

computer processable form.

The execution of several computer programs

which match the two sides of the injury

form's data piroduced in the previous step

" John Hall, Alfred Kranz, Harold Morris, William

Tessendorf, J. Randall Ryan, "Northern L1linois
University Athletic Injury Report System,"
Athletie Training, December, 1974, pp. 184-185,




nave LA3T siRgt WL Rt PATE INuIRE D ! sotmtcation [}
i
E{ TIPS PRIgIEESTEESESCOS QR LY
R T | A 2 823la m < 2 0z % -z {1 - S vielofatofo]obofa
géée : 2 zile D O§ ¢ = & § 0% ¢ HEE R E I BERRUSNRE
H - ii ¢ 3 A - $ g 3 2 _.3_ slafagad fadapete
T * .E. - f Wt g
’ ° H 1 a flededefodefedetee
=11 5 Sfeqapegagaqrangy
o < [~ ;~ sfajagafafafagaie
G B~ I e B — I | = e B ' IS I A RN R R ; aqrtrgr{cfryrgry
9 & Fc o0 e & ¢ ¢ 2 o & z £ £ ¢~ 5 £ & ofefaf-defefofeqe
;giégi §~§ I igg 39=W§3=9§ £ F i1 3 g |phiststadelstel
111 * ¢ 3 3 0 f i gryriz s & o ¢ § 3
&3 2 § § “édE 27F 28 ° i3
z|¢ 7 2 vz & 2 2
§ix i ?
k-t
2
H -
o e o oo © ¢ @I oo e e = e
Side - £ - Tttt T -
S % x ) > T 2z 3 & T o o -
U s s ElEFRISEEIIIEEETIEE
m E < 3 X b4 ~ o o & > ¢ 3
RS PR At AR A S I T O IR B
Fjs 23 o™ P = a 3 3 2 & < - ;0 s
H 3 » g g 2 3
8 iz Fl A : 3
K 2 3 s g
;-_ = o Vi o Ao Ty DO DT N T e D Ty
-~ (= I s T <=t R s T e B s T PG SR o S — T s B T — T~ B - Mo N
; [ T e TN e B~ B A B A B -L B R faad B [ =R N =R S 4 A % B - L d
2 - ————— = =
= G
g U Tract o Abdomen 9 ¢ 3 Chert g f J R ¢ f § - §_ }_ r o0 Head & Face g
F T2 e 3 3 ¢ L 2 v z % g -
wirglTyeseli: s EE|VETCT s 58 e -
M I RN L 2 % 1% 2«
2 < 1 g % b v o
g 13 on
3 =4
lcmc:-c\':»:acc--:\:-tnc:t:mccxc-m':-cac-o'q:vuc;ac‘c'cg
» Lower Exwemitus = ' & Upper Extremities
K I AN T I
~ - - e o m
3 11§ €5 ¢ EA I S S A - £33z
% L é e ]| = s § € 2 e - Y ~. 5 § § € ¥
T P =Y ; g T : F RN g § i 3
A ¢ oo o * 2 £ co® 3 =
P=Ny =% L=
E— N — B — DO Ce TR O D = D S D Ty M CTwmeo o) O O © o
Pogoan] Lng Kpog
Ld
LY, 1 R L U S J ) - AL —_— T senniricanon s
Juat
g JE _— —— — - — ——
! Spen Tiary Decuresd During t Wnen {Game) g Surtsce Lo Davston ' tewmned
e nid e~ A B Ve ) LA ton et bteom Yy e cfvfoloagagried fete
Barketdait e s (o c Pt . [ | Precine . ¢ IR naEan
X Country = Do sindivdual) Bl Post Ev - Ot L S SR 4 tobagagana )t qaletegs
Fonvnatt g - Furst Prowsl - Fnw - ¥ 1 v - T shipispHrprpryr by
[ I = G ol o oY l Cuy ol ? y . afajafefedajadata]a
{ Gevrimwes - | Pees — U Thud Privg - ke el i3eegzie e o sfspafodsfrge [
| Mchey cev | PreSrason = | Fouth Pood  ~t Mt —~l =l o fsgedsfefefafedagets
Moy, ",. ~age - !f.uvil'll .. na, | . . t | NEBNN . 1.
Srcor e Tiawa - Sevovel Hult ) [P R U detofelslsiafa]el-
Swsm ng -;Ow- s Other e Tovee Tuef o o) 7 7-,[_ “Lv.. sbedainde
Torrs woiBatNpe b 2 (Nothegheld _cr L W 0= BR 1ecsrment Totalt
T s v From What e on Totat
Vor g | Acwarats [ e 3 r §’ f g7 S’ n? T ,
LUty © B - 2 3 5§ 3% N E L R R
| We teg 3 ) Mot 2 as~ s PEad] BT ]
[l L0 JLLTTIY o 3 Teamt s onie e R e B o]
[ -
i How ey Decurred Fanpment L= TR e B T o B o B SNEd : LTI Nk T
Side HE S RN bt ez v o) mide
Wb g Protictve 1 b= - - - ) "o e S
2 Binch ng Kuch | Fow =- o = g- 2z i % 9S8 z ' 6o a8
ot g - - T 2 B § 3 = < 3 oL [ T Y
B Harnmes . ¢ a 3% e e~ 8
HETTI N | serae - [ A S e ; b Voo et
° L pnere oo Jav o -z 3 - -
Goe r|~.“ ! Rat . o K D D
DETITI } e L s ee emae —— - THISSECTION FORSOOTHAIL OM Y  ——— -—
i Woerteg - ' Ovynent - Time Of Inyury Payer Poition Oay OF Wrek 16 weOr
Jimpmay - Paying Grface Come - ek ) Injury Oteurred S thnnsge
v, fl - { vo'e ) Pracver Proe To Conter = S tiy the O Play
When - P P (PRI Lt - Mooy ’ . )
Pured i = ras 2 Protics After Cord ~ Tooviey .0 [ =
bertinmag — A . s Foth o — 1 Lackes = Wit b . =
River g . p - ORI L YRYAIE ) - Fhan - oo [z
Shois ing = Zhoes = Scventy OF tmory Tackin = . Fragy = boovGodl [+
Sy - Lhat o 1ajiry Without fime Lost e Sriday T rAT —
Suanng . ek [=) apry Witk 1 o Lont = | TypeOf Cleats On Shoe v e r
Strigmd On . Tearmryte e Mngetihzot Lose Than 24 Moy = | Conqal Tty =3 U —_—at ]
Swimiwing - Weiahty -] Memintatiserd More Than 24 Hourt =] Seccer Oraty = T, w Of Heol
o nrag oy Other — | Farn =] Multipte Cloats = 0n Shoe
Tyuhng = Net fippicable o= it lnpred During Gome Rippre OLay = e [=al
he rmng e Piaying Pontion Oxd Rube tafracton Yes = Otxr Cleans <. Con ~
Vaulting . Otferye =3 Conwibute To Imury? No | NoClests o= — s o .
Weasthing v Netente o= Saw == | 1s Typa Of Helmet
Othar ot Appheabie (=] 11 Yoo, Wi Yo o Oth e €| The Same As Listed
Not Applicable . Penaity Called? No o On Payer Profile}
Yes ©@ No =@




RS

Aruitoxt provided by Eic:

1
P 1973 vag uvIviIRSITY'S SAMPLE REPORT

01711715

FILE 173 (CREATICN CATE = (1/717/75)

¢ 4 0 32 N 2 B X 4 YN Mg e
" Va40~6~» —a\aV»a Jng;;[nwﬁ-__
L T . * . LI I 4

Nh' A°9L ﬁln—
ll(d"lc

A heHad - —

MulC INTEE“S1TYeS

C=CSSToD Putart tc
_Qav_.
LI A I

INJLRY FlLE

« 3 0 % 000

VQkOl!————‘GﬁGI‘!&N A'—lkJuﬂvmﬁc
« o ¢ 0 4

valx

CEnTFR

GUARD Teto
JAR Y

2.00
' [T YE I

WLARTEwr ALK

CLpovy

!
TOTAL” - 7.

e

|

!
| SN LT RSO TINRLANN PRIV S IS

Fiygure

[ X =1V

S

Sample Injury Report

and the (reation of a single computerized
record for each injury sheet

(3) One or more computer runs to analyze the

records produced through a generalized
statistical package.

Specitricallve Ny UL uses a Digitek 100 OMR
mark sense reader with a mapnetic tape unit to
record the data in machine readable form. A
ut1lity program sort s used to order the records
tor vach side of the sheet in soci1al security and
injurv number order A TORTRAN propram is then
run to combine the records for each side of the
sheet and will produce an error report for sheets
which do not have matching sides.

The Statistical Package tor the Social
Sc1ences (SPSS) 1s then used to break the data
into usavle information. SPSS 1s verv convenient
to use in that verv little computer expertise 1s
involved in its use. With 2-3 hours of training
most anvone can learn enough about SPSS to set
up the control cards for the analvsis required,
The ability of SPSS to combine data elements in
vross-tabulating is just one of the uses for
breasing down the 1ujurv data. An example re-
port available might be a cross-tabulation of
foothall plaver's position by conditions at the
concurrence of the injurv. (Figure 2)

It will now be possible although the programs
are not vet written, to save a complete injury
file for each competition year. Then an individ-
ual injury profile can be produced for each ath-
lete at the end of his eligibility showing each
fujurv and treatment from his first practice
through s last game. This will be of immeasur-

able value in assisting the trainer to advise pro-
fessional scouts about a player, and in planning
for prevention of injuries.

In addition, it is entirely conceivable that
the availabilitv of this data can Jead to some very
significant research into the study and prevention
of athletic 1njuries. Should the collection and
svithesis of this data help in reducing the quanti-
tv and severity of athletic injuries any at all, it
will have been worth the investment of time and
energy 1nvolved 1n its implementation and opera-
tion.

Football Scouting System

In the fall of 1969 the football coaching staff
at Northern Illinois University (NIU) used an
edped punched card svstem for scouting their oppo~
nents. After baving spent some 40-100 man-hours
per week to break down scouting data, they de-
cided there had to be a better wav. The coach
responsible for egordination of scouting came to
the NIU computer center and asked for help. In
studving the problem 1t was discovered that com-
puterized scouting svstems existed at other insti-
tutions. However, the decision was made to design
a new syvstem since those in existence were either
unusable or unavailable.’

"'y, H. Hall, "A Descriptive Analysis of a Compu-
terized Football Scouting System” (unpublished
Master'’s thesis, Northern Illinois University,
1972)
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The desipn of the scouting system was sased the creativity of computer people, coaches, admin-
«n a thorough set of gpecifications for the “ata istrators, and athletes will lead to many more use-
to be collected anu reports required. The list ful applications for the romputer in the future to
ot data clements to b used vas firalized and a help plav the pame.

veneral purposc scosuting data collection torm
created.  (Figpure 3) This form serves as both
the data collection device for the scout and as
an input docurent to a kevpunch o-erator.

Programnning ot the svstem was done in the 1B™
FORTRAN IV r., The pregram contains three distir ¢
sections.  These sections are: for storage allo-
cation and definfrtion; the reading, editing, and
storing of data: and report generatfon.

Storage allocation and definition initiatizes
the descriptor information and allocates data
sterage and work space 10 the program.  The next
sevtion reads the data cards, edits the data, and
stores the valid data in the space allocate. by
the previous part of the program. The reports
ire then penerated and printed.  The reports gen-
erated are as tnllows:

. Chronological lLast of Offensive Plays

2. Sammaryv ot Running Plav: bv Plav Tvpe

3. Sumrarv of Running ?lays Into and Away
trom Streagath,

"o Summary of Pass Plays Into and Awav from
Scrength

5. Summary ot Plavs by Backfield Alignment

Ah. Summery of Tendencies -from the Hash Marks
(Figure &)

7. Summary of Plavs by Line and Backfield
Formation Combination

g, Summary of Plavs bv Down and Distance

9, Summary of Runnming Plavs Through Each
Hole

10, Summary ot Pass Plavs to Each Recefving
Zone.

11, Summaryv «t Fach Principal Plaver's Play BI1BLIOGRAPHY

12, Summary of Offensive Plavs by Field Pogi=
tion

Ti. Summary of Backfreld in Motion "lavs Hall, John H. ™A Descriptive Analysis of a

Y. Chronological last of Detensive Plavs Computerized Football Scouting System.”

15, Summary of Defensive Success Against Unpublished Master's thesis, Northern
Running Plavs through Each Hole 11linois Universitv, 1972.

16, Summary o! Defensive Success Against Pass
Plave t. tach Receiving Zone Hall, John H., Alfred Kranz, Harold Morris, Wiiliam

170 Summar, of Defensive Alignments by bield Tessendorf, J. Randall Rvan "Northern Illinois
Pocition Universitv Athletic Injury Reporting System."

Athletic Training, December, 1974, pp. 184-
The computerized tootball scouting svstem 185

requires huran judgment and interpretation in

analv-ing e oreports produced.  The operation of *  Meet's Terminal Scores Athlete's Feats"

the svstem provides tor scouting data to be re- Computerworld, December 4, 1974, p. 8.

duced into a mach tiner breakdown than the manual

method within the time constraints involved. The Nie, Norman, Dale H. Bent and C. Hadlai Hull,

coarhime starr DHund therr time 1nvestment Statistical Package for the Socfal Sciences,

breaking down combuterized s outing reports to be New York: MeGraw-Hill Book Cempany, 1970.

netween 107 and 407 ot what 1t was with the pce-

viouslv used edged punched «ards.  The computer Rote, Kvle, "Computer in the Starting Lineup”

runs take about 10 (pu seconds per game on an 1BM Thnk, October, 1973, pp. 24-28.

360 /67, The NIU svstem would probably requirs

minor modifications to mateh the naming onven- Rowe, Richard, "Matching Up the Grunt and

tions of another coaching staff, but would be Groaners" AEDS Monitor, April, 1974, ». 4.

usable to another team with similar report re-

quirenents, Vernon, James B., "Pre=Bent Pole Looks Promising"
The Bent of Tau Beta Pi, Fall, 1974, pp. 14-

In summary, 1t is certainlv clear that com- 15.

puters a*e now an integral part of athletics.

There are certainly more applications than have Ward, Gene, ™ard to the Wise" New York Dailv News,

been referenced in this paper.  Just as certainly, October 21, 1971, Sports Section.
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IMPROVEMENT OF SCHOOL DESIGN THROUGH THE
SIMULATION OF EDUCATIONAL ACTIVITIES

William S. Bregar
The Pennsylvania State University

1 Introdu:tion

This papze will describe research ato the nature of the design of
edusativnal tacthities and the development of a computer simulation
systemn to help solve problems in desigming educanonal tloor plan
layouts Such a system can be used by school designers to evaluate and
mprose school toor plans

The implementation ot the system nvolved ) the design and
umpleinentation of a procedure tor determining those charactensncs of
2 school program which attect or are aftected by the physical
constrmnts of 3 school bullding. 2) mcorporation of those
charactenistics 1nte o model which could be apphed by a smulation
program te. a proposed tloor plan, and 3) the development of computer
programs which could successfully simulate educational activities on
the praposed thvor plan and provide feedback to the designer as to the
sutficiency ot sts design The focus of this study was on elementary
shool tacihities.

2. Design Problems in Education

“The dessgn of school must be consistent with the type of
mnstoction ystents carned on™ (Eongethardt, 1970) The evolunon of
teachmy methodology has histoncally been accompanied by changng
school structares to accommodate them, The one-room schwolhouse of
the mneteenth centusy has been transfonmed to the egg-crate
contniction of the first half of the twenteth century and finally to the
open-plan schuolliouses of the past decade. The egg<rate design came
about as a response to the requirement of absolute independence
between grade lesels, the vpen-plan n responsc to the attempt to
abolih grade level ditferences and open lines ot communrcation among
teachers and students (Leu, 1965).

Although general changes m architecture have come about with
cdinationdl novaton, the relatonsdup between the detailed aspects of
an educational program and the mstructional space has not always hept
pace with such changes

In tact, 1t s not clear that the relatondiip between emergng
clementary  educational methodologies and the use of elanentary
schuol space 15 very well known An examination of award wmning
schools1n 1967 (Nation's Schools. 1968) showed a range of from §4.2
to 1123 square feet per student with costs ranging Irom $10 80 o
$33 84 per square foot Instructional space ranged from 3077 to 8077 of
the total facthity The majonty of these schools were of an open plan
design however, the educational program to have been mplemented
was not specitied

89

Some attempts 1o analyze the prospective use of scheol space have
beent made 1n recent years. Engelhardt (1970). for example,considered
the actnities which would likely go on in a continuous progress open
plan school. the factors to be considered tn planning such a school, and
the relauonship between spaces. then prescubes space requirements to
accommodate the program. Square feet for each hind of space is
presented. however, the method of determining these requirements is
not described.

Banghart and othiers at Flonda State Unnerstty (Banghart, et al.,
1970) descibe a model for defining space needs in high schools
utihzing a building block approach. Each basic unit (student module) 1s
defined as the ““space and resources required to mamtamn a student 1n 2
gven actvity at a particular tune.” Space nceds are determmed by
smulating schedules of actiaties based on previously compiled
information on student requests for activities, duration of the activities,
and the number of actiities request2d per student.

Apker (1970) using available scating as his spatial denomnator
stmulated a bigh school with modular scheduling, given an architect’s
plan for a proposed Ingh school. Utilizing the Generalized Acadsmic
Scheduling Program, (Murphy. 1970). Apher showed that for projected
cnrollment of 1500 students. the number of classrooms was 21 more
than were needed and that seating space for large group snstruction was
“under-¢stimated,”

The Flonda Stzte Unnersity and Apker projects do provide some
basis for analyzing tloor plans as they apply to Ingh schools. However,
the problem of varying methodologies does not appear as a factor in
their analysis of the use of space. That s, by asseming the traditional
mode of education, space needs can be translated from scating
requirements  These projects also had the advantage of being able to
work with fixed regular schedules which would remain in effect for an
academnic term. Thus. while sufficient for agh school environments.
such techmiques might not be adequate to analyze space needs under
arcumstances where schedules could change from day-ioday and
where methodologies could affect the suzes and kinds of student
groupings.

The rescarch descnbed herein took place n two stages Fust, a
incthod was denved to ascertain whether there were indeed differences
n the use of mstructional space by diffenng educational programs.
Second. given a ventication of the first preanse, a computer system was
developed and provide sumintary nfosmation of their impact vn a
proposed tloor plan design

.
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Although the emphasis i this paper 15 on the computer system, 1t
should be mentiened that the tirst stage conssted of an observation of
three  clemeniany  whools which operated under two  different
educational systems Two could be characterzed and a tradiionally
oneated schouls', the other was organred as o muttwmt school. Two
mam vesulls were obtamned trom the observanon data One was that for
the schoals obsened, group size vaned suonficantly as 4 function o1
whool program and activity . the other was that xtwaty duration did
not appear to vary signticantly tor these ractors (Bregar, 1973) Tins
mtonmation would be unilzed i the generanon ot schedules of
achivies tor an elementary schoot program

The data collected dunng the observation phase was reduced 30
provide anformation to the simulation program about schedules and
clarsctenstics of aetvties tor o gen methodology (m this case
tradstronal or multiunit)

3. System Design

A system of computer programs was wntien which could smulate
activtes on 2 proposed seizool oot plan. The model employed was
stochastic and discrete and was based on the data collected dunnyg the
vbservation phase. The wve-all system desen for the simulation s
showsn Figure 1 Floor plor speaifications are digitzed and processed
mto 2 heardueal  structure  representing  the  space-subspace
relatondup tound i obsened nstiuctional space. Included 1 the
spectfications are the mventones of lunituee and equipment tor each
space

Observed dats are comipiled nto *requency tables called acnreny
deseriptors. which are used to generate certam physical charactenstics
of activiies The actmties themischves are generated troam a bl k
schedale which is mput to the sinulator The block schedule tepresents
a school day wheel s 1vpreally divided into tour or tive blocks of time,
up to two hours cach, dunng which 2 myjor subject area 1s pursued An
example ot the block swchedute s shownan Table |

To complete the momuation necessaty tor 3 smulanon .
paaametess must be mput which dehneate the school emviromnent to be
sunulated Speettically. the parameters are 1) xcb sl program v pe.® 2)
maod length, or the Tength of the scheduling, module., 3) proposed
ensollmens, and 3) 4 dessgnator declanng whether ‘?um:l or obsenved
space ligures should be used 1 conputing space use

Although these has never been o simgle monolithie system whieh
could be detined as a tradiona methodology . there are certain
charactenstics wmeh could be genenily attnbuted 1o the concept
Among these ate 1) a ene teacher per class organvzanon, 2) an age
graded divsion of students, and 3) an emphasis on teacherentessd
group nstauction

.

The multtant sehool coneept 1s based on 1) a team ot teachers
admimsteng o of several mdependent umts m a school, 2)
nongaded dinvmon of students, and 3) ndiadual,  oneto-one
(student teacher) small group and large group stiction emphasizing
the student as an individual. (Klausmeter)

The program will curcently  aceept snultumt and tradiional
prog.am designators

Space use can be camputed cather by employing tigures trom the
obsenvation phase or by using a selection ot deaved optimal square tect
per student  estepates based  wn tuntture and conliguiation
cumbroations

The tunctional ttowelart (Figure 2) pottrays the smulation system,
A preprovessing stage converts the mputs to an antema! format
consisting manly of a nerarchieal Roor plan representation and a set of
Activity Control Blocks (ACB's), The ACB's are created by a schedule
generator wlhich gererates a set of subactinities for cach actvity i the
bloch schedule. The ACB (Figure 3) contams all pertinent snformation
about a subactiaty such as its scheduled tnie and duration, the number
of students assizned to it, furmture and equipment requirements, and
total space requrentents. When an actiaty 1s assigned to a space, 1its
ACB 1s updated to reflect ats locanon, Essennally, the schedule of
subactivities allocates time from the block schedule and students from
the avartable enrollment ut such a way as to reflect grouping practices
employed i the school program bemng sunulated.

The simulation process atself’ uses a tune-shee approach whereby
time 1s untialized at the eadiest time on the schedule and incremented
by regular amounts (the mod fengths) until the end of the schedule 15
reached. At each interval, terminating actvitics return ther resources
and students to their respective ehgbility pools. New actwaties are
assigned  particular students from the available student poot and
charactenstics are generated retlecting the nformation contained tn the
file ot actmity descriptors, These attabutes are generated reflecting the
mtormation contaned i the file of actmity descniptors. These
charactensties anclude. 1) fi niture and equipment required, 2) space
per student, 3) a distmenon’ factor, and 4) a group type indicator
speaitying whethier a group 1s working as a group or as ndmaduals and
whether the group is supervised or unsupervsed.

When the new activities have been completely charactenzed, the
program mahes an assigmrent of achvities to spaces m such a way as (o
find a reasonable fit between the zctiviies and the spaces which are
nathable for them. The problem of assigning actmaties to spaces s a
particulzr nstance of the hnear programnunyg assigmment probiem
win® s not solvable by pormal metitods bacause of the space-subspace
wattonship on the mput floor plan. An algonthm wilieh linds
anproumnates to optunal soluttons can be tound 1n Bregar (1973).

Once activtties ore asagied to spaces, the ACB's of the new
sehvities wnd those 1 provess at the current tme nterval are scanned
and space utlzation tgures are compiled. At the end ot the smulated
day, alt ot the space utthzanon figures plus other compiled mformanon
1s output for analysis The school designer ean then modify s design,
W appropriate, and restart the synulation.

¢

Qutputs £ .m the program include the gencrated schedule of
subactvities 2ne thewr generated charactensties including furnitare and
equimers s aurements. n addinon, at cach tme intennal a summary
tabl. vonnine 3 which gyes for cach activity starting or m process.

1) the acaty name

2) starr and end tme of the actmty

3} number of students assigned to the actvaty (an optional hsting
ot students by student number s also avattable)

) area ot space requared by the actvity

3) wame of the space assgned 1o the acnvity

6) area of the space assigned

7) ratio ot space utilized to space avadlable for the activaty.

Foilowmyg the hst of scheduled activiues, the percentage of space n
use ot the total avatlable mstructional space 1s computed for each tinte
step At the end ot the day, the percentage of use of cach space n
fenus of 1ts total sme svalable n output.

The distraction tactor s an ndiaator ot the potential for an
achty to distract an actimty m an adjacent space with noantenening
walls

D
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With these ouptuts 2 school designer can evaluate the way the
spaces he has destgned will hikely be used. 1t he wnhes, he can then
adjust the tloor plan. or any ot :he parameters to see thew ctlects
betore deciditg upon a tinal design,

4. Rewlts

An example of how the program can be used ts presented tn this
section bigure $ represents the tloor plan ot 2 pod trom an open plan
school which was observed duning the observatton phase of this project.
The dotted and dashed hines depict observed subdiistons of the space
n which acuvines were camed on. The space was designed tor a
maxmmum enroliment of 130 students under the multismt program.
The hiesarchical relattonstup of spaces 1s evident in the tigure. The area
of the eattre pod 1 7025 sq tt and subspaces range trom 41 0 1815
sq. 1.

Assunmng the floor plan contiguration shown, the question could be
shed. “How would this floor plan function f tts enrollnient were 200
tastead ot 130 students”™

To establish a benchmark. the simulaton program was tun so as to
simulate the obsened schiool with tts observed enrollment on tts own
tloor plan The complete output whicht 1s gven tn (Bregar. 1974)
showed that the gencrated schedule of subacuvities and  theur
charactenstics was representative of what had been observed. Increasing
the enrolinient by 1/3 resulted th an expected mcrease 1 the aumber of
subactintties for each actuvity. There was 2 consequent general increase
m both the number of spaces which were put into use as weli as the
number of modules tor which a given space was occupied. This s
evident trom the space usage summanes shown tn Table 2 and Table 3.
However, many ot the spaces were used less than 605% of time available
= some o} these, of course. were not avadable when thetr parent spaces
or subspaces were ocvupied Out of 117 scheduled subactivities only 13
ware not assigned spaces 1t should be noted that there were spaces
available 2t these tintes, however, they were not considered suntable by
the assignment algonthm With this 1in mind. the conclusion can be
drawn that there s adequate space avadable tor 200 students in the
pud ”

A sccond test run was made unhaing a 150 student enrollment bu?
removing space C27 trom a floor plan. (C27 has been shown on the
bencimark rmin to be a lightly used space ) Results trom second run
indicated that the activines assigned to C27 could have been assigned to
other avalable space with no other nciiceable difference i the
tunctioning ot the school

Space €27 had an area of 165 sq tt At the cont of $20 per square
toot, chmmarton ot this space could have resulted tn a savings of $3300
1n the cont of the school,

S Summary and Implicanons

A dessniption ot 3 system for sunulating the activities o an
clementary school operaung under 2 partieular educattonal prograin has
been gnen Through direct observation. a model for an educational
program was prepated and computer programs were desenbed which
could apply 2 specttied maodel to a proposed school floor plan Results
trom the program can be used to evaluate the tunctronality ot a tloor
plan. which, 1t necessary, can be revised and reevaluated betore building
2 <chool which mught net meet the nceds of the proposed educational
prozen e be implanented
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EXPLORING NEW WORLDS

Richard L.

Ballard

Physics Computer Development Project
Uaiversity of California
Irvine, California 92664

Electronic media have given us new eyes and
ears. With them we can see into new dimensions,
toward new frontiers, the outer worlds of space
and the inner worlds of thought and knowledge.

In these explorations, computers are at first our
tools. Quickly they become the key, the door,
and much that lies beyond. We know the begin-
nings, bit not the boundaries of these new worlds.

As educators we accept in varying degree” two
roles: that of explorer--discovering and teach-
ing ourselves--and that of guide--sharing what we
and otaers learn, forging new paths. The shock
of our future/present is that neither role may be
neglected. The frontier is too diverse and aé-
vancas much too fast to be lost sight of. As
guiles we must teach what is known, and more im-
portantly, what will be known.

Access to new worlds today is very uneven.
it varies from place to place, depending much on
hardware, software, and expertise. Different
disciplines find themselves more or less suited
to immediate computer use. More in the case of
mathematical sciences, less in the data base
sciences, humanities, and arts. The views given
here originate in a fortunate place, the Univer-
sity of California at Irvine, and represent con-
siderable experience in a most mathematical sub-
ject, physics. They are thought, nonetheless,
to be quite general.

FINDING NEW WORLDS

""New Worlds" is the title of one Physics
Computer Development Project proposal givem sup-
port by the National Science Foundatiom last
year. It aims at developing breakthrough sub-
jects, graphic communications, and intelligent
natural language interaction. Collectively,
these elements become literal jlay worlds wherein
subject knowledge can be reprez.:nted, manipulated,
and made into new conceptual experiences. The
casualness, immediacy, and general accessibility
of these worlds makes complex and powerful ideas
into toys for widespread use and experimentation.
Teaching and concept testing in higher education
can look to Piaget-like approaches. The strate-
glies for doing this are based on firm successes
with several existing educational programs.

Development of new conceptual worlds is per-
ilous in its apparent over-choice. Computing can
do many things--which should we support, given
limited resources. For educators the temptation
is to teach what we already know, to deal with
new discovery later. Unfortunately all imstruc-
tional development takes time, whether it is good
or bad, useful or not. Schools lacking computers
and/or specialized software readily view those as
the critical barrier. Yet in places where all
such things are available, the long haul of real
development is clearly just begun.

Against today's slow development of effective
teaching material, we have an explosive use of
computers in subject research. As a medium, com-
puters are transforming iLheir subjects. In this
situation, the impulse to use them to teach what
is already known can guarantee instructional ob-
solescence. In physics, for example, many pro-
grams are being writtenm to teach specialized ama-
lytic methods. Researchers, on the other hand,
now make heavy use of more general numerical meth-
ods. These wait in the wings. Every expansion of
comput ing that widens the use of existing educa-
tional programs invariably gives us the computing
power to bring more relevant numerical methods
into what we teach.

To survive very long, the new worlds we cre-
ate on computers must be computer worlds. They
must cuatain within them the unique computer meth-
ods which are most effeciively changing the sub-
ject. To assure this, we should look to the com—
puter breakthroughs, to areas in any discipline
yhere old knowledge is encompassed and new knowl-
edge is abundantly promised.

It may be possible to overdo in pursuing the
future, of course. Today's view cannot be total-
ly ignored. Colleagues and supporting agencies
often look for immediate gains in processes they
already understand. Good teachers have important
things to say now, and the computer can be used
to do it. We should seek good teaching every-
where. It is something else to ask computers to
do it better, to revolutionize the way we teach.
It is a good bet that for today's world the com
puter revolution may never come. Computers may
never do what is done today more effectively,
traditional subjects mav always be taught in tra-
ditional ways. Prciing otherwise may be non-
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productive and why bother. Every area that uses
computers heavily for research does so for a rea-
son, most often because there is no other way,
there is no real competition. These are the new
worlds, they already belong to the computer.

NEW WORLDS, WHAT WE MAY SEE

lt is probably fair to say that no one has
yet seen computer worlds as they will (ome to be
seern. Arthur Clarke has called computers ome of
the great unanticipated inventions of history.
Nonme of our great dreamers in science fiction or
elsewhere prepared us for computers., With all
that has been written that is still the case.
Our most absurd guesses find technical solution
almost as soon as we guess them. Computers talk-~
ing, seeing, thinking--whether you concede that
these things are happening now or will happen
soon depends as much on your definitions of these
words as on the facts of computer behavior. If
you believe that simple animals can do these
things, it is Increasingly difficult to deny them
in computers,

These issues need never be settled. However,
they do relate to what we expect as the ncur and
distant futures of computing. Our choice of what
we will try to do now is very much limited by
assumptions, our inherent perception of what com-
puting is and what it can become. In a sense, the
New World Organization detailed below is a clear
product of today's thinking, a pragmatic accep-
tance of today's resources. It exists mow. It
is very different from C.A.1. because we think
computers are and should be something very dif -
ferent.

We expect that real computer worlds will be
based on uniquely electronic forms of interaction.
They won't be like books or like lectures, movies
or TV. The future will say, "like computers,"
or some other word and know the difference. We
can only guess, but some guesses are better than
others. First, they will be graphic to an extent
undreamed ot. To those who have developed educa-
tional interactions im both words and pictures
this is obvious and assumed. Educational pro-
grams without graphics were infinitely resistible;
with graphics the arguments are few and far be-
tween. For authors, the tramsition is irre-
versible.

More powerful than experience are certain
facts of biology. 1Iconic perception, the recog-
nition and processing of visual patterns, is
orders of magnitude more efficient for humans than
other sensory meams of communications. Between
the parallel processing of pictures and the serial
processing of words, there seems no competition.
Having both is, of course, very nice indeed. Com-
puters and vision are fundamentally matched, they
share the same physical realm and limitation--the
speed of light.

A second and related guess is that new com-
puter worlds will appear as they must appear to
make humans comfortable. Apart from traasient
hardware limitations, design will be dominated
by psychology, human engineering, and the limits
of programming skills and imagination. it is

already clear that the harsh, domineering, "do
nct fold, spindle or mutilate'" image of early
computers has nothing to do with computers per
se. Like today's language limitations, the feel
of the interaction is restricted by the willing-
ness of programmers to put themselves out for the
user. Somewhere they draw the line, making their
own lives easier, often citing the logical growth
that comes to users from knowing at least that
much ''computereze." Fortunately, computer sci-
ence builds upon itself. More accommodating pro-
grammers react to the user's natural desires;
until, we presume, those desires will become the
dominant specjfication.

If we consider what users may want, we find
few universal models for a comfortable, interest~
ing, and reasonably predictable world that can
match the computer's potential complexity. One
obvious possibility is a world that looks like
another human being, perhaps in the guise of
teacher, guide, or playmate. This choice is par-
ticularly efficient, assuming that both parties
are intelligent. Contexts and meanings can be
understood. As between humans, we can have large
areas of mutual assumption. The conventions
learned since birth through continuous human inter-
action can be extended to machines, commanding very
complex responses without new or specialized
skills. Still the computer's graphic expressive-
ness can clearly exceed a human's, other real
world analogies will be necessary. Possibly it
will be the view from a car or airplame, through
a TV set, or ultimately a hybrid environment with
the corputer behaving both as a physical situa-
tion ard as a set of explicit or implicit per-
sonalities.

CREATING NEW WORLDS NOwW

Suppose one takes these views, goals, and
speculations seriously and attempts to pragmat-—
ically implement them. Presumably even a sub-
stantial approximation to such a world could have
value and much can be learned just trying. A
kind of "proto-world" of this type was writtem by
the author several years ago with the guidance and
assistance of Alfred Bork. The result was called
MOTION and has become an important experience for
many students at Irvime, involving 1,000-3,000
student sessions per month. The enormous success
of a program "that you just talk to'" led to other
experimental programs, like QUANTUM, and the New
Ver}ld programs now under development.

We have chosen to begin work in several sub-
ject areas: physics, chemistry, mathematics, art,
and potentially in physiology, biology, and social
science. Within these areas of interest several
worlds are being created, often sharing key re~
sources. The dominant activity is extraction of
new graphic knowledge from mathematical bases.

New representations and simulations are developed
from the application of physical laws, mathemat-
ical functions, transforms, and operators. Other
major activities imclude symbol manipulation in
chemical and mathematical equations, aesthetic

and symmetry group analysis of graphics, and the
self-generation of data bases. More precise spec-
ifications for the initial worlds are developing
as work begins.
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The basic structures for rhese worlds have
already been developed in MOTION, QUANTUM, GRAPH
and other programs. The remainder of this paper

will look at the deta{ls of that particular New
World approach.

NEW WOR1.DS, MICRCSTRUCIURE

Irvine's New Worlds consist of many small
pieces. Individually many of these might be rec-
ognized by a research programmer or an author of
computer-assisted instruction (C.A.I.}. The ele-
ments most responsible for generating new knowl-
edge are those labeled facilities or resources.
Picked for their power and generality, each of
these contains (1) a data structure, (2) numerous
data manipulating subroutines, and (3) an analysis
scheme that recognizes the pertinent data in every
request for that facility. For lack of a better
name, we call this latter recognition scheme, the
"local intelligence," since it often looks at con-
text and assumes a great deal of informatiom for
each use of a particular resource. This is a
vital function in making the program human and
interactive. Characterisiically, activities that
involve computational waits excesding three to

five seconds are shunned completely. This makes
it possible to alwavs do_scmething. If the as-

sumptions are imappropriaie, users can then pro-
ceed to make themselves more explicit.

Facilities are inhereatly looping structures.
They accept requests; they analyze them, setting
subroutine and data base parameters; they modify
or display information; and then they loop back
to the start for a new request.

The second distinct microelement produces
dialog with an author. The techniques of branched
programmed instruction are often used here. This
discussion is typically short, detailing a par-
ticular topic or idea. It supplies definitions,
examples, test questions, and other informative
elements. With a few important differences, dis-
cussions look very much like short, traditiomal,
C.A.I. lessons. They represent the formal inter-
vention of guides or imstructors into the other-
wise free play between users and facilities.

Discussion elements are first writ'en into
new worlds to provide minimal instructicns on the
use of facilities. Feedback expands them to fur-
ther ease the interaction. If resources are well
chosen, they must lead many user-authors to new
discoverv or to powerful examples of known phe-
nomena. Author experience in a given world can
be fed back, laying out productive paths, znd
reflecting the lwportance of particular choices.

A unique element fn New World dialog is the
root program or central intelligence. It is most
responsible for the personality or outward appear-
ance of the program. Following the QUANTUM model,
New Worlds begin with two simultaneous presences:
a conversational guide, who talks with text and
animated graphics, and a graphic viewport that
treats the program as a global map. Flying into
the globe uncovers progressively deeper content
maps, Ultimately these descriptors give way to
participation in the labeled process.,

i

The root's primary task is to respond intel-
ligently to any unanticipated user statement.
Every such sjtuation is considered a possible at-
tempt by the users to change the subject or ask
questions of their own. Anything the world cam
do or or say, it will do whenever asked.

“he cemntral in. " :gence is responsible for
wovins, users to requested information o1 facili-
ties and for maintaining an intel'!igent conversa-
tici. It does this in ways, independent of the
sudject. What it knows of the coatent comes from
Mocabularies supplied with each { .ility and dis-
cussion. It possesses short and long-term memo-
ries and uses these in conversational nrotocols.
It can repeat things, go back. It can suggest
new topics. Important points are remzmbered and
suggested whenever the user appears undecided.

NEW WORLDS, MACROSTRUCTURE

A flexible, organic environment is needed to
accommodate expanding resources and continuous
feedback from many author-explorers. Typically
the user is in immediate contact with only a small
active portion of this world. The greatest bulk
of any world can lie dormant until called. There
are many hardware/sof twa configurations that
permit this. The 2ctive part may be a mini or a
very intelligent terminal. It may be the in-core
time slice of a larger timeshared computer. The
dormant mass may be the single master copy stored
on magnetic or video disc, locally or at some dis-
tant site. New Worlds develop information either
about the user or for his future use or for modi-
fication and growth of the program itself. This
requires volatile space, organized by program and
by user.

Irvine's proto-worlds are written for a time-
shared computer. Complete load modules exist on
discs. Typically they are several hundred thou-
sands of words long, combining DIALOG (graphic and
language analysis macros) and FORTRAN (numeric
routines). This mass is highly structured in an
expandable set of overlays. At any given time the
overlay pattern in memory is a small fraction of
the total. We try to keep this ready component at
20-25K words or less. Larger partitions, while
possible, usually face discrimination by systems
of time and resource sharing. The overlays in
memory furnish discussion, facilities, and a vo-
cabulary for dealing with the present topic, they
can also pull in related topics.

The central intelligence possesses a simple
keyword set that it uses to detect complete changes
in subject. To go further, it swaps (overlays)
into memory the appropriate subject vocabulary.

If it has repeated difficulty, it reorganizes it-
self to include the entire world vocabulary at the
temporary loss of previous content.

The purpose of the vocabularies is to provide
the central intelligence with descriptors of each
topic and with simple keyword tests to sort out
the most appropriate respomse to any input. Ini-
tially only simple sorting is needed. Computer
dialog is seldom limited by its ability to under-
stand user input, more by the willingness of au-
thors to provide many responses.

N

O
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Once the most appropriate topic has been
brought into core, more detailed syntax analysis
can be performed. 1In the case of very powerful
facilities, analysis may involve parsing (compil-
ing formulas into machine code) or elaborate sym-
bol translations.

A BEGINNING

New Worlds create new educational opportuni-

ties using powerful methods unique to the computer.

They are not merely computers assisting instruc-
tion nor imstruction fr ~orputer methods. They
are an interact:ive result, more than both and dif-
ferent from either. Their creation dupends upon
bot* cooprration and division of labor between
educators, content specialists, and computer sci-
ent ists.
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Invariably our most suecessful developments
differ markedly from what we began with. We ex-
pect that New Worlds will assume their own forms
through use und feedback. Development is organic
and evolutionary rather than the final fulfill-
ment of some grand and predetermined plaps We
start with seed worlds at Irvine, Potential world
developers break off the subject free root and
certain dialog facilities from existing programs.
This structure is a complete dialog. 1t canm talk
to the author; it knows about dialog writing, but
nothing about its future content. It embodies the
experience and combined efforts of previous devel=-
opers, but it can be changed in part or "in toto."
It is just a beginning.




The Usz of Computer Modulated Drawing
in the Teaching of Art

Charles M, Williams

Computer Science Department
Virginia Polvtechnic Institute

and State Universitv

The figures shown in this paper are examples of "Computer Modulated Drawings". They were
derived from a single source drawing and were produced by software developed by Williams {1]) to
allow artists to use a computer as a tool in rendering their own work. The process uses a Visicon
Automatic Digitizer {2] to convert a hardcopy drawing into digits which are then manipulated by
graphic collation softwvare {3,4) into data structures which isolate and mathematically describe the
geometry of the various lines which compose it. Thzse data structures may be used as a direct source
of commands for a digital plotter. Modulatiom occurs when the mathematical descriptions themselves
are dynamically perturbed at the time of plot generation.

The simplest form of modulated art is no modulation at all, and the results are a faithful pen
and ink reproduction of the original drawing. Heavier modulation results in a work which retains
the general holistic form of the original but which has been rendered in a completely different
stylé. The process is totally automatic and rapid, requiring (for the figures shown) rou,hly two
minutes for digitizing, four minutes for graphic collation (on an IBM 370/158) and twenty minutes
for plotting. Graphic collation times are roughly linearly proportional to the amount of line
data present, and plotting times vary with the complexity of modulation. The entire system is
parameterized and does not require a knowledge of computer progrezming. Each type of modulation is
codcd by number, and the degree of perturbation {s specified by such variables as amplitude and
spacial frequency.

The value of computer modulated draving to the teacher of art is derived from a capability for
allowing a drawing to serve as a single and constant source of data ror an indefinite number of
variants to it. This permits the detailed and parameterized study of the visual effects achieved by
varying line structure, line texture, pen stroking style, etc. in rendering truly constant subject
material. Such renditions are not possible by hand, for subtle localized changes in style will
inevitably be introduced by the human while redrawing subjective material.

In essence the computer modulated drawing process provides the art teacher witl. the, facilities
of a computer darkroom with which to study the effects of different drawing styles on various subject
macter, The source data for these studies may be carefully chosen archival works or they may be
spontaneously selected drawings from the class {tself. The speed of the computer based process
insures that results will rapidly be forthcoming even in the case of the most complex and tediously
structured design patterns.

The times required by computer modulation are currently largely a function of plotter speads.
Consequently the substitution of a display scope for a mechanical plotter can yield faster, though
perhaps visually degraded, results. The plotter, of course, can manually be controlled in its
employment of ink color and pen widths. The same data mav be repeatedly plotted to yield high
quality results on differing grades of paper.

The computer modulation process was expressly designed to give the artist the benefits of a
computer while allowing him to perform much of his work in his accustomed environment unfettered by
the mechanical and electronic constraints often associated with machines. He prepares his work at
his leisure using standard art supplies of his choice. When he has finished he secures his drawing
to the surface of a drum which is mechanically rotated past an optical sensing mechanism which
records black and white decisions based on the amount of light reflected from the document. Placement
of the drawing on the drum requires roughly one half minute and needs no special mechanical
aptitude. Digitization proceeds automatically and is completed in at most two minutes.
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The dipftizer output is fed to a computer vhich then creates the geometricallv descriptive data
stractares. Modulation begins when the modulation paramcters have been specified. The results are
plotted mechanfcally on § sper or electronicaily on the face of a cathode ray tube.

v tvpical hardware confjjuration mav fnclude a digitizer, Incremental plotter, and display scope
connected to a ninfcomputer thich can communicate with a larger general puriose computer. The current
graphic wllation and modulated drawing software svstem resides in 160K bvtes of IBM 370/158 memory
but hopefullv future svstems will totallv be resident within the mintcomputer ftself, It Is envisfoned
that future svstems will Incorporate computer graphics facilities which will allow an artist to
manfpulate and modify his drawing interactively.

The art teacher can emplov such cquipment throughout his domain of expertise In attacking problems
in drawing and, hLence, in the pliotomechanical print (etching, lithograph, and silk screen). Bepinning
studints can study the effects of style on rendering simple subjccts, and advanced ones can selectively
fncorporate widelv varving modulation teciniques in creating arbitrarilv complex works. The full
power of computer graphics can be Invoked to ansure that pleasing localized c¢ffects on a drawing arc
not destroved while others are being developed clsewhere,

In short the computer modulated drawing process provides the teacher of are with a new and exciting
tool with which to work. The computer s involved in itu. appropriate domain of tedium, and the artist
retains bi« dominance in creativitv. Though the svstem Is mechanical, the results need not have a
mechanical appearance.
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F.low.er modulated by a H{ers [5]) box pattern
consisting of overlapping deformed rectangles
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SUMMARY OF
TICCIT PANEL

The first complete instructional use of The
MITRE Corporation’s TICCIT CAI system will be dis-
cussed by the TICCIT project directors at Phoenix
College, Phoenix, Arizona and the Alexandria Campus
of Northern Virginia Community College. New TICCIT
applications in special education for the handi-
capped and new TICCIT configurations will also be
described.

Participants:

Mr. Dunstan Hayden
Northern Virginia Community College

Mr. Fred Morrison
Phoenix College

Ms. Wanda Rappaport
The MITRE Corporation
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"PRIVACY AND THE PRUDENT COMPUTER~MAN"

Pavid Allen Weinberg
Computer Audit Systems, Inc.

The future 1s rapidly crossing the threshold
of 1984, but with unexpected anti-Orwellian
consequences. We, in data processing, are fearful
of maintaining and processing freely acquired data.
This is data from individuals who have usually
requested that such material be made available to
a specific institution for purposes of supporting
the individual's future aspirations.

What we are realizing is that by 1984 our
primary fear may be of our inabllity to utilize
openly disseminated information. Th.s acutely
contrasts the supposed Orwellian nightmare of
hidden governmental data gathering and
surveillance activities that destroy the individ-
val citizen's richt to orivacv.

As this time it is difficult to be certain of
the exact flavors and shadings of the future
legislation which will assuredly be forthcoming.
What is required today are not prophesies of the
future, but patterns for positive design and
action.

What is the heart of our problem today? 1
do not share the conviction that we must fear
criticism or even legal actions for failing to
comply with standards and laws which are presently
undefined. I do believe that today, as DP
administrators, we are expected to take such
precautions as can reasonably be expected of a
competent professional.

We must act based on what a "prudent man"
would be expected to know and do. This list
of knowledge is guite broad. It does not
specifically require intimate familiarity with
the "Privacy Act of 1974" (more properlv
S 3418). Neither is the prudent man expected
to meet all the criteria contained in such
texts as the AFIPS, "Security Systems Review
Manual"; or FIPS, "guidelines for Automatic
Data Processing, Physical Security and Risk
Management''.

However, a "prudent man" would be
expected to be familiar with these documents.

He should also be i1n a position to demon-
strate that, based om practical constraints,
his DP center is complying with "reasonable
data security and legislative expectations';
or, that as a minimum, the DP center has plans
which will result in such compliance.

Your role for the future should be active.
Begin taking those steps to safeguard data ---
steps that a reasonable man would take. And,
become active in influencing future legislation.
let your governmental servants hear from you.

Let them know what the real world is like. The
collective voice of thousands of prudent men
should not go unheard.

The task before you is not easy. However,
as professionals, it is within your grasp. We
should all look forward to 1984 with confidence.
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MODEL-BUILDING AND COMPUTER SIMULATION
FOR NON-PROGRAMMING USERS*

William L. Bewley

Minnesota Educational Computing Consortium
Lauderdale, Minnesota 55113

"How strange... that 'computers in education' should so often
reduce to 'using bright new gadgets to teach the same old stuff

in thinly disguised versions of the same old way'.

This paper describes progress toward develop-
ing a technique that may help us use the computer
to teach new stuff in a new way. The technique is
based on the idea that learning involves building
internal (mental) models of reality, testing these
models against reality, and correcting (debugging)
the models when errors are found. The idea is not
new--it has been expressed by Minsky (1968, 1970)
and its philosophical roots lie in the Cartesian-
ism of the 17th century. What is new is the
technique--the digital computer is used to help
the user externally represent, test, and debug
his internal models.

The technique assumes no user knowledge of
computer programming. The computer is programmed
to perform several information-processing opera-
tions appropriate for a certain class of models,
e.g.5 queueing models. The user builds a model
by specifying the sequence in which the opera-
tions are to be performed. The program then
runs a simulation of the model. Because the
user has nct written a computer program, any
errors revealed by the simulation can be attribu-
ted to the logic of the model. The user debugs
the model by changing the sequence of operationms.

Two sample medel-building programs, Q and
EAT, are described below.

Program Q--A Queueing Model Program

Table 1 describes operations appropriate
for queueing models, which are provided by the
BASIC program called Q. There are two kinds of
operations required to build a model: actions
(which do things) and questions (which ask if
things have been done), In Table 1, operations
1 through 6 are the actions and operations 7
through 11 are the questions. There are two
operations in the table that are neither actions
nor questions--operation Q0 (zero) which is used
in inputting the model, and operation 12, which
is used to obtain information on the current
status of model elements.

* The programs described in this paper were
developed with support from the National Insti-
tute of Education while the author was with the
Computer Technology Program of the Northwest
Regional Educational Laboratory, Portland,

Oregon.
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Papert and Solomon, 1972

A generalized flowchart for program Q is
showm in Figure 1. The program begins by asking
the user to input his model by specifying the
order in yhich operations (identified by the
numbers in Table 1) are to be performed, When the
number for am action is entered, the program asks
for the next operation to be performed. When the
number for a question is entered, the program asks
for two operations: (1) the next operation to be
performed if the answer is yes (the "yes" branch)
and (2) the next operation to be performed if the
answer is no (the "no' branch). The program then
follows the "yes' branch leading from the question,
asking for the operation to be performed following
the "yes" answer. It continues asking for opera-
tions until a 0 (zero) is cntered as an operation
number; this means that there are no more opera-
tions to be entered. At this point, the program
checks to see if it has followed the "no'" branch
from every previously specified question. If it
hasn't, it goes back and begins asking for opera-
tions in the most recently specified '"mo" branch
which needs to be followed. If it has exhausted
the "no” branches, it stops asking for operations
and lists its representation of the flowchart, A
<ample run of program Q showing the input of a
model is given in Figure 2, The model is repre-
sented as a flowchart at the left of the figure.

The trickiest part of entering a flowchart is
in forming loops. A loop occurs whenever a series
of at least %0 operations is to be performed again.
The program recognizes a loop whenever the first
two operations in the repeated series (including
both branches of a question) are entered and then
followed by a zero entry. Thus, to form the loop
from ""Queue Empty" to "Input a User," operation 1
is entered, then operation 7 with both of its
branches, and then O,

As the user enters a model, the program builds
a flowchart. The program's flowchart, a four-
column matrix of numbers, is printed when the user
has finished entering the model. The first column
of the matrix numbers each row. The second column
contains operation numbers. The operation in row 1
is the first to be performed. The third and fourth
columns contain the row nuwber of the next opera-
tion to be performed. If the operation which has
just been performed is an action, the row number
for the next operation is in the ''yes" column,
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Thus, if we start at row ! and perform operation
1, the next operatiom is the operation at row 2,

operation 7, The "no" column contains a non-
zero value only in rows containing a question.
In those rows, the number in the 'yes'" colummn is
the row at which the operation following a '"yes”
outcome is to be found, and the number in the
"no" column is the row at which the operation
following a "no" outcome is to be found.

After it has printed the “Towchart, the
program asks the user to input values for inde-
pendent variables and the desirc¢ number of
iterations for a sirulation of tae model. The
sequencing of operaticns for the simulation is
controlled by a computea GOTO ztatement which
transfers control to the segment of the program
corresponding to the operation indicated by the
flowchart. The simulation continues until an
action leads to an error (see the example in
Figure 2) or the desired number of iteratioms
has been reached. When the simulation ends, the
program is either stopped or continued as‘showm
in Figure 1.

Program EAT--An Energy Consumption Program

Table 2 describes the operation appropriate
for program EAT, a BASIC program having the same
generalized flowchart as program Q, but testing
models of a different class. Operations 1
through 5 are actions; operations 6 and 7 are
questions, Operations O (zero) and 8 through 10
are special-purpose operations: operation 0
(zero) closes loops and operations 8 through 10
output the current status of model elements.

The class of models handled by EAT are
simple energy consumption models. The system to
be modelled is the biological system controlling
hunger and eating behavior in an imaginary animal
(see Lindsay and Norman, 1972, pp. 595-604). The
inputs to the system are the nunber of hours in
the observation period (how long we want to watch
the animal), the initial energy reserve (the rese
reserve of energy present at the beginning of
the observation period), the goal energy reserve
(the energy reserve neceded to maintain life),
actual incentive value (the incentive value of
food available in the enviromment), the goal
incentive value (the incentive value of food
that the organism would like to eat), the ecnergy
consumption rate (the amount of the energy
reserve consumed during one hour of the observa-
tion period), and the energy intake rate (the
amount of energy generated from the food caten
in one hour of the observation period). These
inputs are, of course, the independent variables.
The actual values assigned to these variables are
unimportant; the concern is with the relation of
the value of one variable to the value of another,
e.g,, whether the intial energy reserve is greater
than, equal to or less than the goal energy

resexrve. The outputs of the system are three
behaviors: searching for food, eating food, and
sleeping. A sample run of Program EAT is shown

in Figure 3.
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Final Comments

Program Q and EAT have been described in order
to show how the computer can be used to teach new
stuff in a new way. The new stuff is the building
and debugging of models. The new way is the use of
the digital computer as a medium in which to do the
building and debugging. There have been other
attempts to put model-building into the curriculum;
the Man Made World of the Engineering Concepts
Curriculum Project, Polytechnic Institute of
Brooklyn, involves the use of a special-purpose
miniature computer by high school students; William
Dorn of the University of Denver teaches math to
college students by having them write their own
computer simulations; and Seymour Papert and the
LOGO group at M,I,T, have taught math to elemen-
tary school students using the LOGO language and a
programmable "turtle."* The present approach
differs from these, however, in that there is no
need for special equipment like a miniature compu-
ter or a turtle, for a special-purpose language
like LOGO, or for assuming that students know how
to program. All that is needed is a computer, a
teletypewriter terminal (assuming interactive pro-
grams, though fast batch is certainly possible),
any general-purpose language, and at least omne
person (the instructor, another faculty member, or
a student) who can programe Programs like Q and
EAT can be created for any class of models by
defining the actions and questions to be provided
and following the generalized flowchart of
Figure 1.

Our work is still in the developmental stage.
No full-scale testing has been done, but the high
school students who have used the programs enjoy
them and seem to be able to use them. One source
of difficulty that we have found is that the proce-
dure for forming loops is awkward and sometimes
confusing, We are attempting to remedy this
problem by allowing the user to enter the word
"LOOP" followed by the operation number at which
the loop is to end. We also intend to develop
programs appropriate for other classes of models.
We are especially interested in developing more
realistic energy consumption systems which allow
the use of limited energy sources and include the
need to expend some available energy to produce
more energy.

References

Lindsay, P.H.,, and Norman, D. A, Human Information
Processing. N.Y.: Academic Press, 1972.

Minsky, M. Matter, Mind, and Models.
(Ed,), Semantic Information Processing,
Mass.: The MIT Press, 1968,

In M, Minsky
Cambridge,

Minsky, M. Form and Content in Computer Science.
Journal of the Asso, for Computing Machinery,
1970, 17(2).

Papert, S., and Solomon, C.
With a Computer,
12(4), 9-18.

Twenty Things to Do
Educational Technology, 1972,

* Although Papert's work is usually considered
"problem solving” rather than "modeling and
simulation," the students are externalizing their
internal models in giving instructions to the
turtle.
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Table 1

The Operations Performed by Program Q,

Operation
Number Name Description
0 End Loop Used in forming loops. Tells the
program that a loop has been
: completed.
1 Input a User Gets next user from pool of potential
users not in queue or service facility
2 Enter Queue Puts the user obtained in Operation 1
into queue
3 Enter Facility Puts user at top of queue into the
service facility
4 Leave Facility Outputs user in service facility
5 Advance Queue Moves each user in the queue up one
place in the queue, i.e., second in
line becomes first in line, etc.
6 Increment Time Adds 1 to current time; stops program
vhen run time is reached
7 Need Service? Determines if user obtained in
Operation 1 needs service; prints
user number if yes
8 More Users? Determines if all potential users in pool
have been obtained by Operation 1
9 Facility Empty? Determines if there is a user in the
service facility
10 Service Done? Determines if service on the user in
the facility has been completed; prints
user number if yes.
11 Queuc Cmpty? Determines if there are any users in
the queue
12 Output Current Causes printing of current

Status of Model
Elements

contents of servicc facility and
queue

E-X

e

1




L

User Inputs
Model

3

Program Out-
puts Flowchart

v

User Inputs Values
for Independent
Variables and
Number of
Iterations

.

Computed GOTO

Transfers Con-

trol to Next
Operation

Operations
Actions Questions

[
—
—

User Options:

1. Input new values for
independent variables

2. Input new model

3. Stop -

STOP

Figure 1. A Generalized Flowchart for Program Q.

ERI

Aruitoxt provided by Eic:




Inputi 13‘ user

INPUT FIRST IYFERATIONY VIARER? )

NFLT VINAOFR? 7
} ) INPUT NEXT VIMAFR IF YOTCIMF 1S ‘YES* 2
PHT IFKT VUMBER IF QUTCIME IS NN

Enter queue

/
(2)
\
Yes
RS STARTIMG FrAM NUMAOFR 8 YFXT “MMAFR? L1
INPUT NEXT S040SR [F INTCIME 1y ' ¢Fgea)
NPT VFAT WMBER IF OUICIMF 1§ 'v)*21
No ’ ﬁ STARTING FRIM iMBEQ 1 NFLT V'MRF 7
INeNT NEXT VMPFR IF OUTCIME [§ *YFS$ 2 ey J0PTIng Loop from
INPUT NFXT VOMAFR IF ANTCLIF IS N9 001 wucus Empiy™ to
Enter Facility STAKTING FRIM MOMACH 2 NELT WI4RFP20 lnpet & User~
(3)
\ INING DACC T) (K LAST USE AF VU4RSr §1 (N SATD

TAAT [F THE AUTCIMF IS NI THAE V(T VUMAFR
NI K 3

SEARTING FrOM yimpsn 3 HELT VUMBRF 10
"D NPT MIMATR I8 JOafCIMF IS (vgg
AT NFCT WBER TR J0TCHME 1S y)*2)

p ————> STARFIMG FrdM VIMSFR 4 VFXT VH4OER? 1
NFLT VIMary? 7 Formlog Loop from
LHT NECT NUASFR IF INTCIME IS *YRS$'22  )em—m—tm  “Leave Facllty”to
Leave Facility 1UPIL NCCT WIMHFR IF IMTCOME IS V) 09y “Input a User~
(%) STAUT NG FiIM NnMoey 12 NEXT NOMBER2
AN BACK TH YR LAST HSY )F Y'MDCR 10 Y)Y SALID

THAT IF THE QUTCIMF 1S *NID* THF NFAT YrMaFR

YHD BF |
SIARTING FROM v 14pep 1 VECT MMAFRY 7 Forming Loop from
TI0)T VEXT Vonwe t IS guecnyT 1§ cyegern  § o "Service bone 1o
PO MECE NN LE IERIME [8 ey Input & User
ST TNG Frdd SGIRe e 2 RLES S UELTRE Y, P
el Yol 21 e TR e X 11 IA".I e e nnqneR 7 Y l',l\[n
TAAT IR TdC IITCIME [S YI* Tov YOCT “lomas g
Vigle BF )
ST ATLNr Fhzv WIMIA™R | NTXT V4NN 7
LINT t(T Siar g o F 9NTCAL [(§ vyEgean :z‘:mf:m
PINT NSCE VIMAT G IF ANTCOME 1S )02 * “lnput & Usepe
STAKTIYNG FlOY M ANrK 2 NEIT NIBF 20
FLIY ColaRT
10w IPTRATION (FS N)
1 1 2 0
2 7 1 1
3 ? 4 0
Figure 2, 4 1 \ 3

S ki A 0
A

A Sample Run of Program Q. ? lx'o -ll cl)

The model contains several bugs. 130T UALSIES 100 INDEPSYLEVT UARIADLES

fhis run reveals one of them. [RERN S REALY
UreER OF PATCITLAL MISFRSYS
POUAEHILITE A L NTEDS S, R HGE 10 A TEIY PFRIOOIDL

SSIUICE OBANTEINLL?

(ST MEFDy SYRYICE

[1 X131 04 LEDS STHUICE

Fradl AL DFRAINTIOY T2

AT TIVF ) THE FACILIT( 'A% FILLED ne=)pe [T Han

ACEY CupTIen
Inis

112
Q. 1.0

IS




Table 2

The Operations Performed by Program EAT

Number Name Description

0 End Loop Tells the program that a loop
has been completed.

1 Need N>ed = Goal Energy Reserve -
Current Energy Reservey; prints
new value

2 ' Current Energy Current Encrgy Reserve =
Reserve I Current Energy Reserve -~
Energy Consumption

3 Current Energy Current Energy Reserve =
Reserve II Current Energy Reserve -
Energy Consumption +
Energy Intake

4 Desirability Desirability = Actual Incentive -
Goal Incentive; prints new value

5 Excitation Excitation = Need + Desirability

6 Need ¢ Zero? Determines if need is less than or
equal to zero.

7 Excitation > Zero? Determines if Excitation is greater
than or equal to zero.

8 Sleep Outguts hour and the word "Sleep;"
increments time

9 Eat Outputs hour and the word "Eat;"
increments time

10 Search Outputs hour and the word "Search:;"
increments time.
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USE OF COMPUTER SIMULATIONS
IN LOGISTICS MANAGIMENT EDUCATION

David A. Aween, Ph.D.
Virginia Commonwealth University

On the ground floor of a three-story,
reinforced concrete and cinderblock building,
located approximately 135 miles south of the
Peutagon, a group of field grade oificers and
senior Department of the Army civilians huddled
closely around a table {n a brightly lighted
conference room. The site of this meeting was
ncar the site of a graat Civil War battle--the
Battle of the Crater, Patersburg, Virginia.
This group had a problem similar to that of the
logisticians of the northern and southern forces
during the battle for Petersburg--the mission
of supplying £ield forces with tha necessary
materfal to support the combat mission. Of
coursce, the task was magnified tremendously;
this was the nuclear age, and the implements of
~ar ranged from nuclear weapons and missiles to
the indlvidual weapons required by the modern
soldier,

These senior army personnel were discussing
funding, budgeting, main battle tanks, overhaul
scheduling, helicopters, generators to support
rmissile systems. track shoes for tanks, paint,
and some nuts and bolts. Their {nterest and

nthusiasa vere real and they freely interchanged
thoughts, {deas and rccommendations.

The members of this group were students
attending the U.S. Army's Logistics Executive
Development Course at Fort Lee, Virginia, and
were actively engaged in a computer-assisted,
decision-making logistics exercise known as
CALOGSId4, This is but one of several courses
conlucted by the United States Army Logistics
Janagement Center at Fort Lee, Virginia. The
center's mission i{s to develop management
skills of both middle and top level army logis-
tics canagers and provide uniform training in
United States Army wide aspects of logistics
management. This training is required to fill
a critical need for adequately trained manage-
nent personnel {n the wholesale logistics
systen.

The casa method of {nstruction used so
successfully by many graduate level business
schools was i{nitially selected as the principsal
nethod of instruction at the center. The study
and analysis of real or fictional cases provides
the student with an insight and understanding
that {s normally acquired only through years of
experience. The interchange of thoughts between

members of the group, the give and take of lively
discussion, and sound iogical decision making
provide the ingredients for excellent learning.
Frequently, however, conclusions reached or
decisions made cannot be tested against the
situation; thay can only be coaspared against
history or left unresolved. In situations where
nany complex variables are involved this leads
to some frustration since the student cannot
live with his decisions or see the results of
his actions. To overcome this shortcoming of
the case method of instruction and to emphasize
learning by doing, the use of computer simula-
tions and business gaming was explored.

A computer simulation used for training may
be considered to be an extension of the case
method, primarily {n two major areas.

The first area concerns student involvament,
In & case a student analyzes a situation and
attempts to project himself {nto the roles of
the managers depicted {n the case. In cffect,
he night say that had he been Colonel X he would
have taken a different coursc of action or resc-
ted {n a different manner; but, had he really
been Colonel X he may have reacted in much the
same wvay as Colonel X did. 1In other words, {n
studying a case, the student looks at a situation
in an objective rather than a subjective manner;
vhereas, in a simulation he is subjeczively tnvol-
ved.

The second area concerns living with deci-
sions. Going back to the previous {llustration
in vhich the student gtated thet had he been
Colonel X he would have taken a certafn course
of action, another student might counter with the
statement that had he taken that course of action,
six months from noi'he would be in trouble due to
the effects of certain probable eventr which
oight occur {n the future. However, in a system
as complex as the army's logistics sysieas, with
the many interacting variables involved, it is
almost impossible to predict the effects of these
varisbles on the student's decisions. However,
with the use of a computer to simulate the passage
of time, the effects of interacting varifables on
a particular decision can be readily weasured. So
the student really 1is forced to live with his
decisions.

One of the primary objectives of the center is

to train students in effective supply cansgeazent.
In support of this objective, the question

<3
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was asked, "What really makes one man a more
effective supply manager than another?" It was
found that in addition to having the necessary
basic attributes of intelligence, flexibility,
adeptness, etc., that what made one man a better
manager than another was generally years of
experience. The question was how could we give
the students years of experience in the few weeks
they were in attendance at our courses. The
answer we found, was to use computer simulations
to compress time; thereby, giving students so-
called accelerated experience.

Computer simulations are used in nearly all
the center's courses. They generally occur at
the end of the course serving as a more or less
capstone of the course. It is at this point
that the students have an opportunity to put into
practice what they have been taught.

Described belos are three of the center's
major computer simulations. All of the simula-
tivns nave a scenario programmed into the com-
puter which simulates the passage of time and
the effects of both student decisions as well
as certain real life events which occur in the
particular model concerred.

CALOGS IM (A Computer Assisted Logistics
Sizulation)

CALOGSIM simulates the functions of a
commodity managemeng group at an Army National
[nventorv Control Point. The functions that the
simulated ¢ mmodity management groups perform
during the simulatica are typical of those per-
formed at a real-life National Inventory Control
Point. They are as follows:

Requirements determination
Procurement direction
Distribution management
Rebuild direction

Disposal directi.n
Coatrols

Decisiron making

The supply management group manages both
principal items and minor secondary items and
repair parts. The data pertaining to these
1tems are based upon real-life data collected
from actual NICP's. The simulation is designed
to cover the management of fifty principal items
and 450 minor secondary items and repair parts.
The group manages the principal items by exer-
cising worldwide control and develop materiel
programs to fund their procurement. The prob-
lem of phasing in new items, geographic stan-
dardization, repair scheduling, redistribution
of stock, initial provisioning and funding face
the priacipal item managers. These problems
become more real as the shortage of funds re-
stricts inventory modernization.

The minor secondary i1tems and repair parts
range from nuts and bolts to large assemblies.
Many of the items support the principal items
and maximum interchange of information is
required to manage the items properly.
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The supply management group controls a dis-
tribution system consisting of eight U.S .Army
depots. The demands placed on the system are
controlled by a scenario and simulates requests
placed by customers. To fulfill the demands,
the managers take appropriate action to buy new
items, repair unserviceables (in-house or con-
tractual), redistribute stock, make direct ship-
ments to customers from vendors and other supply
decisions which are possible in the real system.
The scenario is a chronological sequence of
events that occur in the supply system being
managed by each group during the course of the
simulation. Since the exercise is designed to
simulate four years of operation, the scenario
is divided into 48 time-frames, each representing
one month of the four year span of the simulation.

Two of the major objectives of the simula-
tion are to provide supply managers, in an atmos-
phere of real life complexity, opportunities to:

(1) Practice decision making in a situation
where errors are not costly.

(2) Practice better supply management using
the latest scientific management tech-
niques. These include economic order
quantities, statistical safety levels,
probabilistic returns of repairables
and different methods of forecasting
demand.

In addition to the training benefits, the
more sophisticated managers can utilize C.LOGSIM
as a laboratory to experiment with and measure
the results of some of the more recent scientific
and mathematical techniques applicable to logis-
tics systems.

CAPERTSIM (4 Computer Assisted PERT Simulatinn)

CAPERTSIM :5 based upon zn application of
the principles of PERT (Program Evaluation and
Review Technique) which is recognized as one of
the more powerful management tools to emerge
into the forefront in recent years. This system
is now almost universally utilized by the mili-
tary services in manag:ing their complex weapons
systems projects. The Navy Department has stated
that it was due primarily to PERT that they were
able to have in being an operatiomal Polaris
missile system two years ahead of schedule.

One may ask, "Just what is this new manage-
ment tool and what makes it so powerful?” Ip
concept one may reply, "It is simply a method of
planning and controlling interd:pendent activi-
ties in order to determinc potential problem
areas and insure timely completion." However,
in detail, PERT is much more¢ than this. It is
an entire system for planning and evaluating
progress in the development of complex weapon
systems. It is the scheduling and monitoring of
thousands of items which make up a complex wea-
pon system, many of them involving revsearch
and development which in itself is difficult to
schedule and/or predict precisely, that makes
weapon system management so difficult and the
PERT technique so valuable.
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An apparently unimportant event at a subsys-
tem level, which could easily escape the atten-
tion of an overall weapon system manager, could
mean a majur system delay at some point in the
future unless corrective measures are taken
immediately.

For example, a two-week delay in the ship-
ment of a tiny bearing for & gyroscope might seem
unimportant to the system manager of an ICBM
missile program. But this could result in a
three-month delay jn actual flight testing
because of 2 shortage of launch facilities when
the missile finally is delivered.

Using linear programming techniques adapted
to include statistical (probability) concepts,
and digital computers to speed the analysis of
interrelationships between the thousands of wea-

pon system elements, PERT provides managers with
all information required to effectively manage
the system.

Recognizing the critical need for training
project managers in the use and application of
this concept, USALMC, developed a PERT simulation
involving cost-time trade-offs.

CAPERTSIM simulates the management of a
complex developmental type project utilizing the
management tool known as PERT, Activities and
events within the project are depicted graphi-
cally in network form showing all interrela-
tionships and tise dependencies. Each activity
has an associated cost as a function of time.

The function of the Simulated Project
Management Group is to achieve timely project
completion at minimum cost in light of statisti-
cal probabilities. CAPERTSIM is designed to
cover six reporting periods, each of which simu-
lates 20 days of real time. The students are
furnished computer-prepared situation summaries
at the end of each reporting period which clearly
pin-point critical and potentially critical
elements in the program and their probable effect
on the overall system schedule. A scenario is
programmed into the computer which simulates
the passage of time and the effects of simulated
real life events. These in turn evoke manage-
ment decisions on the part of the students.

Some of the objectives of CAPERTSIM are to
provide students, in an atmosphere of real life
complexity, experience in:

1. Evaluating cost-time relationships and
trade-offs.

2. Evaluating effects of alternative
courses of actionm.

3. Decision making under uncertainty.

4, Group dynamics.

5. Utilizing PERT as a scientific manage-
ment tool in conjunction with a computer

to assist in implementing management by
exception techniques.
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CARESIM (A Computer Assisted Repair Simulation)

In this simulation managers are placed in
a maintenance environment in which they must
determine the optimum maintenance policy for
replacement of parts on each of several items
of equipment. It permits the testing of four
different repair part replacement policies in
order to determine the optimum policy. These
policies are as follows:

1. Replace individual parts only as they
fail.

2. Replace all parts when one fails.

3. Replace a part which fails and replace
all other parts which have been in use
for X no. of hours or more.

4. Replace all parts after X no. of hours
of operation or at time one part fails,
whichever is earlier.

Each piece of equipment is tested for a
period of fifty thousand hours of operation
under each of the different policies to deter-
mine what the cost would have been had that ’
policy been implemented. The computer simulates
the 50,000 hours of operation in approximately
five seconds. This is done by the Monte Ca:rlo
technique, knowing the probability distribution
of failure for each piece of equipment. In
effect, students are able to measure what the
results of a particular decision would be before
they actually implement it.

As more advances are made in the state of
computer technology and as more experience is
gained in computer simulations, future uses of
computer simulations as an aid to education ard
decision making should increase considerably.
Complex operations will be reduced to mathemati-
cal models capable of being programmed on co-pu-
ters with complete quantification of all the
interrelationships existing within the operation.
Managers and students will then be able to more
adequately measure the results of a particular
decision with a very high degree of validity.

The use of probabilistic rather than deterministic
models will also greatly enhance the education

and decision making process. As & result, signi-
ficant advances in the scientific methodology
applicable to decision making should be made and
result in more efficient and effective decisions
being made at every level of operation.
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THROWING DICE BY COMPUTER

Alan L. Breitler
Associate Professor

Montgomery College
Takoma Park, Maryland 20012

In order toc teach students at Montgo-
mery Community College about probability
and the way it manifests itself in our
daily lives, a computer program DICE Program Flow Chart for DICE (VERSION 1)
(VERSION 1) was devised which permits
students to '"'throw" a pair of dice 5000

times in a few seconds, and then analyze SELECT
the results. TWO RANDOM

It can be seen that the distribution of VALUES -
probabilities is symmetric about 7, which BETWEEN
has the highcst probability of occurring. L AND 6

To verify these theoretical probabil-
ities the student runs the DICE 1 program
which "throws' the dice 5000 times and COMPUTE
prints actual probabilities. (The THE SUM OF
student is encouraged to use another pro- THE ?wo
gram to get a chi-squared value on the RANDOM VAFUES
actual versus theoretical probabilities
to determinc the significance of any dif-
ference that may appear). TNCREMENT

Once the student is satified that the THgogogngR

robabilities prediced by theoretical
Eonsiderationsparo verified in practice COMPUTED SUM BY 1
he can proceed to the next step - simple
loading.

The simple loading program DICE <5000 Yes
(VERSION 2) prohibits certain values TIMES?
from appearing on each of the two dice,
thus one die may be prohibited from No
coming up with a 3 and the other die
will never appear with a 4. Prohibit- PRINT SUMS,
ing this combination, many students be- CORRESPONDING
lieve, will somehow decrease the number COUNTERS AND
of 7 totals and the probability of a 7 THEORET ICAL
total appearing. Students are general- PROBABILITIES

ly surprised when they discover that a
greater probability of 7 and more
sevens result from such loading. \
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6 7 8 10 11 12

The above chart indicates what happens
when 3 is barred on one die and 4 is
barred on the other. .

Theory indicates that the frequency
with which a particular total of 2 dice
will appear is based on the following
table:

Die #1
1 2 3 4 5 6
Die|l 2 3 4 5 6 7
21 3 4 s 6 78
3 4 5 6 7 8 9
4 s 6 7 8 9 10
5 6 7 8 9 10 11
6 7 8 9 10 11 12

The probabilities of each total are
calculable by means of the following:

P = # of times total appears in table
total # of possibilities

The total number of possibilities is
36 (i.e., 6 x 6). The probabilities and
approximace percentages for each total
are:

Total P % Total P %
2 1/36 = .0278 7 1/6 = .1667
3 1/18 = .0556 8 5/36 = .1389
4 1/12 = .0833 9 1/9 = .1111
5 1/9 = .1111 10 1/12 = .0833
6 5/36 = .1389 11 1/18 = .0556
12 1/36 = .0278
Probabilities now are as follows:
Total P % Total P %
2 1/25 = .04 7 1/5 = .2
3 2/25 = .08 8 3/25 = .12
4 2/25 = .08 9 2/25 = .08
5 2/25 = .08 10 2/25 = .08
6 3/25 = .12 11 2/25 = .04
12 1/25 = .04
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The probability of a 7 total has in-
creased from 1/6 to 1/5!

Many other interesting combinations
have been tried with sometimes equally
surprising results.

Some students, unhappy with the arbi-
trary nature of the simple loading, de-
cided to write a program which more ac-
curately simulated real events. They
constructed a routine which permits frac-
tional loading in which a certain percent-
age of values are rejected.

Thus a 3 on one die might be acceptable
60% of the time and a 4 on the other 45%
of the time. The implications of the re-
sulits are not yect clear, but these
students are gaining a greater knowledge
of probability theory through their com-
puter - aided investigation.
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LIST

DI CG 15128 04-DEC-74

I PHINT"VERSION | On 2";
2 INPUT V

3 IF V=2 THEN 140

S DIM CC13)

RANDOMIZE

FOr X=1 TO 5000
DI=INT(RND=6+])

D22 INT(HND=6+1)

IF V=2 THEN 210
T=D1l+D2

CATI=C(TI+l

NEXT X
PRINT"TOTAL","COUNT"," % "

FOor Y=2 TO 12
110 PRINT Y,C(Y)s e OI%INT(C(Y)/5)

160 NEXT Y

170 G0TO500

160 PRINT"ENTER FORBIDDEN VALULS';
190 INPUT Fl,r2 .

200 GOTOIOD

210 IF LI=F! THEN 30

220 IF D23F2 THEN 40

c 83LLEEBEE

0 60TO050

2O ENU

KEALY

HUN

LICe 15:30 04-DEC-74
VERSION 1| Ok 2 2}

™ TAL COUNT %

2 149 2.78
3 262 524
4 463 9.25
5 593 11.86
o 636 12.72
7 76+ 15.76
8 Pix 14.3
9 572 .44
10 ate Bel2
g 2717 5.54
12 139 2.78

IME$  5.35 SECS.

DICE 15:33 04-DEC-74
VERSION 1| OR 2 72
INTER FORBIDDEN VALUES 71,6
D TAL COUNT | 3
2 0 [s]
3 205 q.1
4 428 8.56
S 630 12.6
6 764 15.36
7 991 19.42
b 797 15.94
9 549 11.78
10 391 782
1 201 4.02
12 0 0
TIMEt 6.60 SECS.
HeADY
HUN
UcCE 15:31 04-DEC-74
VERSION 1| OR 2 72
ENTER FORBIDULEN VALUES 73,4
TTAL COUNT %
2 208 4.16
3 397 7.94
4 414 828
S5 403 B.06
6 571 1142
7 964 19.24
8 616 12432
9 424 He48
10 392 784
11 432 8.64
. 12 179 3.58

TIME: 6.91 SECS.

KEADY
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Background

Many of the minority institutions are
feeling the pressure to obtain computer
facilities for instructional purposes.
Because they are relative small (enroll-
ments at most are less than 5,000), the
immedidte question which arises is '"can we
also makhe use of the computer for admini-
strative, functions, such as registration
grade reporting, accounting and alumni
affairs,”" and, of course, the answer is
"lhat depends--."

During the late fifties there were
numerous opportunities for institutions
(even large universities) just getting
started to attend meetings and workshops
to learn, share and discuss various
alternatives, approaches, and techniques
of using the computer for research,
instruction and administrative data
processing. This continued through the
sixtres for smaller institutions.

Admin:strative Computing

such meetings as the Machine Records
tvnferences, the annual meetings of the
Associtation for Lducational Data Systems,
CAUsL, COMMON, CULTUG, etc., became more
sophrsticated and 1n some cases equipment
dependent (user groups). Many of the
minority 1institutions have neither the
equipment resources or experiences to
participate i such nmeetings today. On
the other hand a few have such resources
and expertences which can and should be
shared with their sister i1nstitutions.
It nas been proposced that the Association
for Lducational Data Systems be the
catalyst for this exchange.

tonferences such as the Machine
Kecords Conference and the annual meetings
of ALDS attract primarily administrator:
from institutions having large and
sophisticated equipment utilizing in most
cases advanced computing technologies and
concepts well beyond the experience and
resource capabilities of most minority
institutions.
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The objective of the proposed work-
shops is to provide stimulation and assis-
tance to four hundred college administra-
tors from minority institutions. The most
likely offices to be represented are
registrar, admissions, accounting, alumni,
development and purchasing. The proposer
feels that the introduction of the admini-
strators to computers ard their uses 1in
administration would greatly strengthen
their ability to consider alternatives in
computer selection and participate 1n
information system analysis and design.

Instructional Computing

During the past six years, the
National Scirence Foundat:ion has partially
supported six annual conferences on
Computers in Undergraduatc Curricula
(lowa, 1970; Dartmouth, 1971; SRLB,
Claremont, 1973; washington State,
and Texas Christian, 1975).

1972,
1974,

From the start, the Conferences on
Computers 1n Undergraduate Curricula
attracted primarily faculty from insti-
tutions having large aund sophisticated
equipment utilizing in most cases advanced
computing technologies and concepts well
beyond the experience and resource capa-
bilities of most minor:ity institutions.

In 1974 Lincoln University o!f Missouri
received a $151,700 grant from the
National Science Foundation's Minority
Institution Science Improvement Program to
provide for the First Conference on?®
Lducational Computing in Minority*
Institutions (LCMI/1). The planning and
conduct of the conference was contracted
to the Computer Science Department of the
University of Missouri-Rolla (UMR).
Hamblen served as Conference Coordinator
and was assisted by Joseph h. Trigg,
Instructor of Mathematics, Lincoln
University. Basic policy guidelines were

*'Minority"” for purposes of the grant has
been defined as "four-ycar traditionally
black."
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provided by a Stcering Committee of repre-
scntatives from nine minority institu-
tions,

the members of the Steering Committee
and their respective 1nstitutions are:
Dr. James Frank, Chairman of the
Committee and President of Lincoln
University; Dr. James hinard, Benedict
College; Dr. Jesse C. Lewis, Jackson
State University; Sister Patricia
Marshall, Xavier University of Louisiana;
Mr. Jesse J. Mayes, Federal City College;
Dr. Albert Miller, Delaware State
College; Mr. Grover Simmons, Atlanta
University; Mr. Fred Stone, Tuskegee
Institute; and Dr. Roger K. Williams,
Morgan State College.

The Conference was held in the
Sheraton-Biltmore Hotel of Atlanta,
Georgia during March 23-27, 1975.
directed at acquainting faculty of
minority institutions on the usc of the
computer to assist them with the teaching
and/or learning process, and to inform
them of hardware and instructional
techniques that may be employed in improv-
g tneir science education programs.

It was

Approximately onc hundred, four-vear,
traditionally black institutions were
mvited to submit at least three appli-
cations. Two hundred participants were
selected from the eighty-six 1nstitutions
which respondee. Lach of these cighty-six
institutions were represented by at least
one faculty member. Seclection was based
on priorities assigned to the applicants
by their institutions. A high priority
Was given to an applicani who could
inilucnce the promotion and/or development
of coumputing at his/her institution, and
to tnose who did not have extensive bach-
ground 1n computing.

The major arecas represented at the
tonfervnce were the matnematical, physical,
natural, sociral and management scicnces.
Inese areas were represented by twelve
disciplines. Lach participant attended
five group sessions with 5-15 faculty of
the same discipline. At these sescions,
faculty who had used the computer in their
classes presented their materials to the
attendees from their discipline. 1The
group leader demonstrated what he nas done
and how he used the computer in his
classes. In addition the four-day
conference consisted of five general
sessions and seven sessions of a program-
ming short course 1in a language of the
participants choice from FORTRAN, BASIC,
and APL.

ACM Consulting Service [LNGLL]

History

The ACM has always regarded ecducational
programs as one of 1ts major missions.
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Lducational activities within ACM led to
the publication of curriculum recommenda-
tions in computer science in March, 1968,
known internationally as "Curriculum '68"
[17]). The publication of this document
along with the report of the COSINE
Committec of the Commission on Lkducation
of the National Academy of Engineering [9],
and the Park City Conference on Computers
in Undergraduate kducation [29], all with-
in a year went a long way to define the
discipline of Computer Science and focus
on key issues in computer uses in
cducation.

The Curriculum Committee on Computer
Science of ACM, who prepared "Curriculum
'68", belicved that it was necessary for
the document to be interpreted to potential
users. The initial vehicle for this was
the ACM Visiting Scientist Program,
supported by the National Science
Foundaticn, which arranged for speakers to
come to college campuses. In reviewing the
accomplishments of this program, it was
determined that a broader program was
nceded than one in which a computer
scientist spent part of a day giving a
lecture on computer science educaticn.

Thus in June, 1969, a proposal was
submitted to the National Secience
Foundation to provide funds for a more in-
depth cousulting visit to college campuses
in whilca consultation would be offered in
four basic arcas:

i) Computer Science Curricula -
ranging from the course content of an
1ntroductory course 1n computer science to
¢ ¢oHmplete undergraduate curriculum.

2) Computer T'acilities - emphasizing
the alternatives available to the schools
such as networks, bLatch systems, time-
sharing systems, and commmercial services.

3) Conputer Uses in Lducation -
showing the activities that are going on
In various subject arcas where computers
are being used and supplying information
on where materials could be obtained.

4)  Administrative and Budget Matters-
dealing with questions such as where, in
the school, computer science courses should
be offered, who should control the
computing facilities, how should faculty
interested in computing be trained and
recruited, and where are funds available to
support computing on campus.

This proposal was funded in October,
1969 by the National Science Foundation,
and from that time until July, 1973, the
College Consulting Service functioned as &
service of ACM.

1 From the proposal




Procedures and Activities

. _The mechanics for the consulting
visits were constructed to be quite flex-
ible for the college visited:

Visits are usually for two
days, although travel requirements
may cut into part of this time.

The agenda for the visit is

the responsibility of the school.
It should be sent to the consultant
before the visit. It may include
a formal talk to students and
faculty, but small group meetings

. and other informal activities
have proven most effective.
should be some opportunity to
visit with a few interested
students.

There

Topics such »s various aspects
of computer use, budget, problems,
facilities and equipment, curriculum,
faculty education, and administration
can best be covered by scheduled
meetings with small groups of
appropriate faculty and administrators.

A private talk toward the
end of the visit with the president
or senior academic dean is of
considerable value.

Notices of the existence of the pro-
gram were sent by personal letter to the
presidents cf most four-year institutions
in the country. In addition, announce-
ments of the program were made in the
trade literature and at selected pro-
fessional meetings. Applications were
subm.teed to the program director who made
the selection of institutions to be
visited and assigned the consultant.
Eligibility was left somewhat open.

The program is intended for
undergraduate colleges and small
universities where undergraduate
education is the major objective.
Institutions granting the bachelor's
degree and accredited by a regional
accrediting agency may apply.

In the life of the program approxi-
mately 100 trips were made.

The distinction of "small' became
quite difficult to make, in that in
some cJases state colleges with quite large
enrollments were just getting started in
computer work, and needed &«s much
assistance as the under 2,00C student
liberal arts college. Toward the end of
the program, several two-year colleges

2 from the brochure describing the ACM
College Consulting Service

3 Ibid.
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were visited to assess the nature of the
problems of computing at these institutions.

The relative emphasis over the years
of the lifetime of the Consulting Service
showed some changes. Perhaps the most R
dramatic change was from relatively little
discussion of computer science curriculum
early in the program to a point where it
was the main purpose of the visits near
the end of the program.

The early visits dealt mainly with
questions of equipment and staff.
Interestingly, the institutions in their
applications generally stressed equipment
selection as their main problem, and the
visitor generally found the main problem
to be staff.

In the early visits, few schools were
even considering a computer science major.
Such programs were considered only
appropriate for large universities and
ergineering schools. Furthermore, staff
for such programs was not available. With
time the staffing problem became somewhat
less difficult as graduate computer science
programs produced more individuals with
advanced degrees, and the schools found
that the demand for computer science from
entering students and the market place
made it most desirable to introduce such
programs.

Recommendations

Since the visits were not all alike,
there can not be a single set of recom-
mendations that apply to all schools.
There were certain trends, however, that
were clearly seen in reviewing the series
of consultant reports.

Perhaps the single most commor problem
was the competition, either actual or
potential, between administrative data
processing and academic computing. Many
schools had justified acquisition of their
equipment on the savings it would give 1in
administrative record keeping, and even
where this was not the case, many admini-
strators looked at the expensive array of
equipment in the computer center, and were
considering how it could be used for
administrative work. The unfortunate part
of this is that administrative data pro-
cessing often becamc the "tail wagging the
dog", and with little, if any cost savings.
More information was generally produced by
the computerization of administrative
activities, but there was seldom any
reduction in cost. What usually did happen,
however, was that the personnel assigned
to the computer center were required to
devote a great deal of their time to the
implementation of administrative programs,
and often much of the available computer
time was devoted to this purpose.
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In those institutions with enrollments
of under 1,500 students, ilamblen suggested
in the Proceedings of the Rand Conference
[<3] that there 1s a question as to
viwether any administrative computing

should be done. tle goes on to observe
that for schools of under 2,500 students,
tt 1s difficult to justify a separate
machine for administrative use.

Noting these observations, 1t does
dappedar that the approach of separate
machines for academic and admintstrative
computing 1s the most desirable thing to
do. In this way, counflicts over use
should not arise. In many cases this 1s
mmpractical, and there are some other
possibilities. Most schools operate 1in
such a way that students have little
opportunity to usec the computing equipment
1tn the morning hours, while having needs
for computer time 1n the afternoons and
evenings.  This could then suggest a firm
scaedulruy scheme which would allow both
groups uninterrupted time. Such a
schedule should be under the control ot
the computer center director who would
msure fair treatment of everyone.

As important as the problem of
scheduling machane time s for administra-
tive and academrc work, staff scheduilng
may be more critical. All too often
schools have buen in a postrtion where all
of the computer staff time s devoted to
the development and marmntendance of
admrnistrative computing. In this case,
1t appears Jdesirable to assign 4 separate
group within the center, reportable to the
director, to handle administrative
computing. In ths way, tiere will be a
mrntmun of competition, and the true cost
ot the administrative operation will be
wetermined,

Ihe position of the computer center
In the nstrtutional organization 1s a
reeurring source of drscussion.  dlere
dully, «ikOst every possible combination
from part of an academic department to an
tudependent agency working under contract
te the school was scen. It s clear that
tocal clrcumstances come into play herve,
but as> a general rule tor those centers
serving ali aspects of the campus, the
director of the center should be rela-
tively ndependent, and report to an
administrative officer above those he
serves. lhis generally would mply a line
to tine president of the college or a
senior academie vice president. In
way, the center should not become
dominated by any single user,

thrs

In the lite ot the Consulting Service
1t was determined that the recommendat orn
of specrfre hardwdare was ampessible. A«

4 ogencral qule of thumb, 1t was determined
that a4 school should anticipate o mintmum
capense of $50,000 per yed. to run a

computer center and this would be approa-

mately equally divided between equipment
and staff. As the center grows this 50-50
split is likely to remain and 1t was found
that the institutions were less lilely to
anticipate the staff costs than tih equip-
ment cost.

The other common recommendation
regarding equipment involved the careful
analysis of the uses of the system. In
particular it is5 cften the case that the
cquipment necessary for administrative
data processing 1> quite different from
that needed for academic computing. This
becomes especially important when dealing
with small machines, and again points out
the 1mportance of justifying and
specifying equipment on what its use will
be.

The problems of finding adequate staff
scems to have improved in recent years.

“Computer scicence students, though still

not plentiful, are certainly more avail-
able, and individuals with experience and
bachgrounds in the applications of
computing are also available. A factor
that is working against this, however, is
that financial problems have caused many
institutions to put a freeze on new
appointments, and there has been a
tendency to reassign people 1into the
computer area rather than recrutrting
individuals trained in this field.

The position of director of the
cokputer center calls for coordinating anc
developang all aspects of computing on
campus. It also nvolves a hey role in
the sclection of equipment, staff and
services. There are no specific training
programs for such i1ndividuals, though some
courses 1h mahagement of computer centcrs
dare appearing in university curricula.
Where possible the person selected for
this position should have eapertence 1n
mandagement of a computer installation, and
1 amplications of computer applications.
Tiis position should be distinct from a
position 1in tcaching computer science, or
Jany other department since the center
should be 1ndependent of other organiza-
tional units of the campus; a courtesy
faculty appowmntment, however, and
occasional teaching is not inappropriate.
there 1s Iittle practical reason for the
computer center director to hold a
doctorate, though, 1t must be recognized
that this ndividual will have o great
deal of intervactton with the faculty, and
1t may be necessary for him to hold this
credential to achieve the proper respect
of the faculty,

The vest of the staff of the center
15> closely tied to the nature of the work,
and cannot be generally specified. It
should, however, be recognized that 1t an
organization wants quality programming and
operations, 1t 1s necessary to have a
stafi of professionals, and not operate




ERI

Aruitoxt provided by Eic:

as many schools do, by leaving the problems
of program development and implementaticn
to part time help and amateurs.

Computer Science educztional programs
should be staffed separately from the
computer center, and indeed the computer
science department or group should be
regarded as just another user of the
computer facility. In the case of the
academic program it appears critical that
the positions be filled with computer
scientists. The field has developed to
the position of a field of study in its
own right, and it is difficult to see how
someone not primarily engaged in the field
can keep up with the developments neces-
sary to teach at the college level. How
large a staff in computer science is
necessary depends on the level of activity,
but it is difficult to see how there can
be less than one full-time person in this
capacity.

The necessary ingredient to the
development of innovative uses of
computers in education appears to be
administrative support and encouragement.
This can come in many forms and in some
ways the easiest is in the recruitment of
new faculty members. Many students
completing their work are actively engaged
in the uses of computing, and are anxious
to continue this in their professicnal
life. Another approach is to institute
an active program of bringing visitors to
the campus who are involved in computer
uses in education. In a two or three day
period, such a visitor can present several
lectures, and at the same time push the
faculty into such activities on their own.

Other activities that have proved
successful have been specially funded
training and orientation programs for the
faculty, and support of innovative edu-
cational computer uses through summer
developmental grants. In all such cases
1t 1S necessary that the administration of
the school be committed to such activities
and insure that the faculty member so
involved receives the proper academic
credit for what is a time consuming and
demanding tash. It should be noted that
in many ways the smaller schouvis, without
the emphasis on "classical publication",
have a better chance to have faculty
members devote their time to innovative
computer use.

In considering instruction in computer
science the first point to observe is that
such instruction has a rightful place in
a college of arts and sciences. Many
arguments have been presented on this
point and 1t will serve little purpose to
repeat them here. CGranted that such
instruction has a place 1in the curriculum
the question then is how much how soon.
Here again local conditions affect the
decision, but nearly all schools with
active computing activities have some form

This 1is
what keeps the students excited and active
in computing, and in fact it is often the
students that insist that such instruction
be offered.

of computer science instruction.

In all too many cases, however,
schools have looked at computer science and
determined that this is an active field,
offering job potential for the students,
and perhaps even serving to attract
students at a time when many colleges are
suffering from declining enrollments. They
will often then select a computer user on
campus and put him in charge of a "program"
that does little more than offer several
courses in different programming languages.
The fact that computer science is a vital
active field that should be represented at
most colleges does not excuse such a pro-
cedure. It must be recognized that to
institute a computer science program is
both expensive and time consuming, and
requires a commitment by the school at a
time that limited resources may demand
cutting back in some other areas.

LaFrance and Roth in reporting on a
Workshop on Computer Science for Liberal
Arts Colleges [22] give some indications
as to how the development of a department
should proceed. Recognizing that few
liberal arts schools would be able to
introduce a major, they called first for a
strong development of a first course
similar to course Bl of "Curriculum '68"
[17) or Course 1 of Austing and Engel's
report [4], and then as interest and staff
develop, cffer courses involving things
like machine organization and programming,
information structures and a survey of .
computer applications; courses 3. 4 and 2
respectively of Austing and Lngel [4]. At
such a time as these courses are under
control, further work could be added as
faculty and student interest dictates.
Offering this kind of program would pro-
vide a firm base of knowledgeable students,
would supply necessary service courses for
a variety of students, and combined with
an adequate selection of courses from
other departments would meet minimum
entrance requirements for admissions to
graduate programs in computer science for
interested students, or for direct entrance
into the computing profession.

It should be noted that offering this
much of a program requires a full time
faculty member, and clearly, to expand
these offerings would require more. It is
also clear that such courses should be
offered as computer science and not in
some other department. To serve the
service need of the program, a selection
of one or more of these courses could be
taken with no other prerequisites, and, to
offer them in a mathematics department,
for example, would only serve to drive
away students who are not mathematically
oriented.
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Such a program then 1s within the
reach of any school willing to commit
itself to one staff member in computer
science, it will serve to form a basis
for future development of a more
advanced program, it will serve a
nulti-trackh service need, and it will
offer enough background for further
work in computing.

Tac library resource is often
neglected in considerations of the
development of computer science and
computer uses 1n education. Often the
eapenses of obtaining equipment are so
great that littie time is given to think
out this pressing need. Most of the
references at the end of this paper con-
tain extensive bibliographies of materials
approprirate 10 computer sciehce educetion
and computer uses in education.  The
selcction of such items would provide a
start at a good working collection.

lt 15 often casy 1n addressing ques-
tions of cJducational computing, to over-
look the obvious in the specafication of
detarls.  lhe obvious nceded ingredient to
«lluw for eacellence of ceither computer
sclence mnstruction, or computer uses in
education, 1s free and casy access to the
computing cquipment, prefergbly utilizing
one of tne uscer oriented systems that pro-
vide fast turnaraund—aydeettar dragnostics,
This must be the first order of business.

sources of Information

Une of the major functions of the con-
sust.nts 1n this program, was to direct
interested people at the institutions
visited to sources of additional informa-
trene Mo listing of such materials could
be complete, nowever, a4 few ptems will be
noted which have proved valuable.

tertainly any reading 1nto ceducation-
b computing should begin witn the Pierce
tommittee Report [24].  Tthough, by uand
large, these recemmendations for the pro-
per level of support of cducational com-
puting have not been followed, they still
serve as an excellent goal. In terms of
addrtional documents 1n the full range of
computing and computer seivices, three ~
wendference proceedings, the horld Con-
ference on Computer bducation, 1970 [23],
the kand Conterence, 1970 [23}, and the
Park Crty Contference, 1968 [29] are ex-
cellent.  Computer Surveys,' published by
ACM provides o good Introduction to vari-
ous aspects of computing and should be in
rnost librarres. Computing Reisicws also
pub ltshed by ACM provides up to duate in-
formatio: on avarlable books, articles,
and other materials,

! nferoation reganding turs journal and
other ACM activities, such as the Spedial
Interest Groups, may be obtarned by writ-
g ACH Headquarters, 1133 Avenue of the
Americas, Sew York, New York 1003v.

ACM has a Special Interest Group on
University Computer Centers (SIGUCC).
This group publishes a quarterly news-
letter dealing with various aspects of
computer center administration. In June,
1972 SIGUCC sponsored a symposium on the
administration and management of small
college computer center, and proceedings
are available which cover many of the
problems associated with small centers [6].

A number of sessions have been held
deaiing with the uses of computers in var-
lous disciplines. Among these the lowa
Conference [30), the Dartmouth Conference
(21], the Atlanta Conference [19], the
Claremont Conference [32], and the 11T
Conference [5] provide sources of valuable
information and programs for computer
applications. Sedelow [26] has prepared
an outstanding survey on computer uses in
the humanities. The Human Resources
Rescarch Organization (HumRRO) is engaged
ir an overall study of computer-based
curriculum and has prepaved a poclyminavy
report [27].

In the arca of applications, ACM has
several Special In erest Greups dealing
with computer uses o cducation (S1GCUL),
social and behavioral aciences (S1GS0C€),
language analysis and studies 1n the
humamities (51GLASH), and computers and
socrety (SIGCAS).  All of these groups
publisn perirodic bulletins and sponsor
occasicnd]l meetings, usually with pro-
ceedin,s avatlable.

Yo begin reading on computer science
education "Currrculum '¢8” [17) 15 a good
start. hork reported by LaFrance and Roth
22) and Austing and Lngel [4] have at-
tempted to put computer science programs
mto the perspective of the small colleges.
Reports Ly hegner [31] and the Committee
on the Undergraduate Program in Mathematics
(T] present some additional ideas regard-
ing computer science programs, lhe ACM
Curriculum Committee on Computer Lducation
for Management [3, 28] presents outlines of
work in information systems. lhe COSINE
Committee of the Commicsicn on Lducation
Mational Academy of Lngineering specifies
the role of computer science 1n electrical
engincering {¢], and in subsequent reports
outlines specific courses; computer
organization [11], a computer-oriented
first course 1n electrical engincering [10]),
digital subsystems [12), digital svstems
laboratory course [13], and operating
syvstews principles [14].

WM has a Special Interest Group on
Computer Science Lducation (51GCSL) which
publishes o quarterly bulletin, and this
group has neld three technical symposia
for which proceedings are avarlable [1, 2,
18],
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Future

ACM is currently seeking support for
a similar consulting program for minority
institutions.
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dimcumputers [(SA0LR,

[An ecaperinent was funded by NSF n
August, 1u'o, which assisted ten -olleges!
dCHUISITI0n Of MINI-COLPUTErS Witn
veotsinatin, supervisoot by the southern
kegional tducdation poard Corputer Suviences
Project. ]

The ten colleges in the experiment
exhibited a variety of computing needs and
a diversity of prefaerence in choice of
computer vendor, configuration, and mode
of operation. At the time of the start of
the experiment, circa 1909, the purchase
of a mini-computer by a small college
posced an clement of risk few felt they
could afford. There was almost no
cxpericnce based on which to rate the
cxpected performance of a mini-computer in
an educational environment, and aithough
many faculty had previous experience in
the usce of computers, almost none were well
versed in the elements of systems selec-
tion, software, hardware, or operational
considerations. The grants from NSF were
intended to partially cff-set the risk,
and the i1ntroduction of the SRLB coffice of
the Computer Science Project, plus support
for a series of follow-on consultant
visits, assisted with the estak lishment of
vcasonablce 1nitial computer operations on
cack campus. The caperiment required
institutional commitment to provide infor-
mation about progress and use of the
facilities through the three year project
period.

ke equipment selection process, and
associated plans for operation, occurred
in a tentative forr in February, 1970.
many cCdses, revisions to original plans
continued right up to a month or so prior
to delivery, For most institutions, this
was the first experience ordering a
computer,  lhe carly 1970 time frame
deserves some reflection.  Most major mini-
computer vendors were in the process of
releasing new iines of ecusprent whkich are
now considered commonplace. lata General
had barely entered the market with its
fiist Nova, Digital Lquipment Corporation
had just delivered the first of 1ts POP-11
series.  Hewlett-Packard was just beginning
to cextend the popular HP2000 series
computers. It was a time when much of the
miniconputer cquipment was new cven to the
sales representatives. 1o the uninitiated
vonsumer, there was genuine cause for
benttdarment.  Sevesal colleges planned a
system oan March of 1970, and by the time
ol the eaperiment's start in August
discovered nes equipment had come into the
mathoet wath greater appeal. The case for
bata General cquipment, for example, found
some attractively priced new minicomputers
avariable which were completely unknown
when the 1nitial svstems were cevaluated
five ronths carlier. :

In

Some General vbservations about Lquipment
Selection:

though tise ten colleges varied some-
what an the objectives to be satisfied by
the "untoomputer system, some initgal
generalizations were apparent.

1. Institutions primarily i1nterested
1 economical use by fairly large numbers
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of students opted for a batch mode of
operation.

2. Three '"least costly" systems, all
batch or single-user oriented, were priced
around $20,000 for a complete system. No
single vendor was at the low-cost end of
the scale, with a Data General Nova, a
Digital Equipment PDP-8, and a Hewlett-
Packard 2114 each contending for lowest
price honors.

3. lIrrespective of vendor, most
institutions opted for 2 high-speed paper
tape reader/punch.

4. Five institutions chose to operate
aultiple terminals in a time-shared mode.
0¢ these, all but one had at least 12,000
words of memory. (The only college
attemptine time-sharing with 8,000 words
of memory found it needed more during the
experimeni).

5. The common characteristic separat-
1ng the "low-cost" $29,000 systems from
the others (ranging upward from $40,000)
was the exclusion or inclusion of a high-
speed rotating secondary memory device
(either a disk drive or a drum).

6. All time-shared systems had a
disk or a drum.

7. The two "highest-priced" systems
($91-93,000) were both manufactured by
Hewlett-Packard. One has batch oriented
and the other time-shared.

8. Although equipment from General
Llectric, Wang Laboratories, Xerox and
tioneywell was included in the evaluatioa,
the "big three"” minicomputer vendors
(bEC, Data General, and llewlett-Packard)
ended up as the only manufacturers
represented.

9. LEvery installation planned to use
BASIC, nine as the primary language.
About Lalf felt at least some FORTRAN was
important.

Some Conclusions and Suggestions

The major findings of the experiments
are presented here with an aim to assist
other institutions considering a mini-
computer for instructional use. A basic
conclusion, expressed unanimously by the
ten somewhat varied types of undergraduate
institutions, is that a mincomputer system
15 the best buy source of computing power
for most ~nstructional activities. The
combinaticn of low cost, constant avail-
ability, centrol, and the many advantages
of an on-ca nus facility make the mini-
computer a p.oeferred choice over known
off-campus alternatives.

Many conclusions have a financial
basis. Cost statistics and equipment

configurations are summarized here. Table
I of [SWOYER] shows the minicomputer
system purchased by each institution,

its purchase price (in 1970, for

most equipment), and average

annual costs. The average annual costs
are broken down as "equipment' ''salaries
and benefits," and "other" components, and
include calculation of annual costs per
enrolled student. The latter figure
corresponds with a "rule of thumb"
statistic calculated in a number of pre-
vious experiments and projects. It is
useful as a rough guide. In this instance,
it must be noted that the annual costs per
student include all costs, not simply
equipment costs. The figure ranges from
$§5.40 to $33.24 per student per year, of
which equipment costs (often the sole
basis for calculating cost per student)
range from $2.80 to %17.10 per student per
year. In all, it may be noted that 17,450
full-time students were enrolled collec-
tively by the ten institutions, with a mean
total annual cost per student of $§17.52.
(Of that total, $9.30 is the mean annual
cost per student for equipment.) The
institution which had prior experience
using one or two interactive terninzals to
a remote time-sharing computer, felt the
minicomputer source was unquestionably
superior. n adadition to cost savings
(institutions here, and in previous NSF
experiments had experienced average annual
costs of about $19 per student), greater
availability, and otlier obvious advantages
cited above, there was an expressed
academic advantage. This is hard to
quantify, but includes the advantage of
having a facility on which software
changes, operating system experiments, and
other developmental activities can take
place which would not be possible on a
large or non-institutional facility. In
addition, the cn-site system created an
atmosphere or center of activity
supportive of creative thinking about
computing.

Prior to the experiment, the colleges
established rough budget guidelines for
the various levels of minicomputer systems.
The mean estimated total annual cost was
$28,130. The actual mean total annual cost
turned out to be $21,810, The average
annual cost per student was estimated in
advance to be $21.42, which compared to
the actual cost of $§17.52. Thus is was
observed that costs were actually somewhat
lower over three years than projected.

Equipment costs were found to average
5$3% of the total expenses. This component
of the costs ranged from $4,700 to $22,000
per year with a mean of $11,580. It would
be expected that costs for comparable
systems would be somewhat below these
figures today, although one must not
hastily apply a factor of, say, 50% (which
may accurately reflect the comparable
price of a processor unit today versus
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197v) too broadly. Processors and
merories have come down in cost
drastically. tHowever, most mechanical
devices (such as dish drives, tape drives,
card readers) have experienced less
reduction. Maintenance costs, included
here as equipment expense, have increased.
Overall, the minicomputer system of today
should probably cost about 80% of the
cumparable 1970 version.

Other costs, however, have increased.
Saluries, benefits, publications, and
travel expenses generally total about
255 more than in 1970. Supply costs are
1004 higher for paper i1tems than just two
years ago. Sing tlaries and benefits
constitute 27% of total annual costs, and
"other'" costs (largely supplies and
mstitutional overhead) represent the
remaming 205, the end result of a new
1973-73 operation should have a price tag
close to par wit'. 1970 casts.

the institutions were queried, zfter
tne fact, about typical questions, which
mrght be ashed by prospective institu-
tronal minicomputer users, and what the
answers to those questions should be.
lhe following are some typical questions,
with respeuses, which could bte asked by
rrrtitutions oxploring minicomputers.

What 1s the most common over-
s1ght when planning a college
minrcoimputer operation?

duestion 1:

RKesponse:  lUnderestimiting tie amcunt el
tine needed by tne person
vfaculty member} responsible
for tile operation, especirally
during the first year. A
minimum of 500 of full-time
should be altocuated, with
more time avarlable during
the trrst year, 1if possible.
Jucstion - wnat 13 the primary equipment
difference that most colleges
would oj~ fer if tiey could
redesign the system after
several years experience?
nespense. lhe most cormon change would
be a computer with a larger
memory. (Light of the ten
1institutions gave this
response. )

Juestlon 30 what vendor would you choose
1f you were to 'do 1t over”
Response:  Curiously, the response to
this question, 1in 1973, was
a prefercenee for the same
vendor as previously used.
Some qualifications were
attached, indicat:ing that
perfect satisfaction was not
always present.
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Question J:

Response:

Question 5:

Response:

Question 6:

Response:

How many students may be
adequately supported by one
interactive BASIC terminal?

(Answered by the five
institutions with interactive
minicomputers.}) Two institu-
tions responded with 22 to 25,
with three institutions
answering 10 to 15. The
variability reflected the
amount of computing required
of the "typical” courses.

The same question has been
addressed by other institu-
tions with interactive
experience. A consensus
indicates 22 to 25 students
per terminal to be a maximum
number in a course with
modest assignments. More
institutions prefer a
terminal to serve no more than
15 students ir a computing
course.

Is there a high risk of
equipment failure with a
minicomputer? 1Is a
maintenance contract a
necessity?

Component failure in equip-
ment other than teletypes,
card readers, disk drives,
and tape drives are almost
Loer-extstent.  Following an
initial shake-down period
{thvrec to six months), every
immstitution that shifted to
"on call' service, in place
of a monthly contract,
reduced its maintenance costs.
in most cases, the reduction
was more than 80%. The
consensus favcred maintenance
contracts ounly for mechanical
components (if at all) with
maintenance of teletypes
separate from vendor-supplied
service contracts in any
event.

kas there any indicator that
would tend to identify in
advance whether an institution
would have a successful mini-
computer operittion?

ALl institutions achieved
successful operations, within
4 variety of objectives. The
quichest achievement of a
satlsfactory smooth operation
{which would probably also
tend to maximize successful
instructional use) occurred

at wnstitutions where (1)
prior faculty/staff experience
with computing existed i1n some
numbers (10% to 20% of faculty
prior to arrival of the
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minicomputer, and (2) ample
time was provided to allow at
least half his time to dev&lop
the facility.
Question 7: What are recommended steps
in computer selection to
assure a reasonable choice
of equipment?
Response: If satisfactory computing
service is a primary objective,
don't be a pioneer. One
institution's hints were:
(a) buy from an established
vendor. (b) Select a time-
tested mainframe and peri-
pherals. (Personal visits and
calls on customers with the
same equipment are strongly
advised.) (c) Stipulate in
the contract that all hardware
and software must be in full
operation on-site before any
payment is made. Another
institution suggested asking
vendors for sample systems to
run experimentally fer a test
period. Still another
suggested that primary
attention should be paid to the
availability of time-tested
software in the areas of most
interest.

Proposed New NSF Support Program

The National Science Foundation is
currently considering a new program which
has a catchy acronym, namely, MICAT. It
stands for "Minority Institutions Computing
and Technology.

The emphasis of MICAT is on the develop-
ment of high quality, culturally specific,
computer-based instructional programs. The
program takes into consideration the fact
that the learning processes for minority
group members are differeni from Arglo-
Americans. Thus, the primary thrust of
MICAT is on the development of specialized
courseware and instructional techniques
tai1lored to specific educational needs and
cultural characteristics of minorities.

The minorities of concern are Native
Americans, Blacks, Hispanics, Asians,
geographically isolated Americans, and
others which are under represented in
scientific careers.

MICAT purports to provide support for
the following activities:

1) faculty training programs in
computer use technology to the extent that -’
they can adequately select equipment,
modify existing courseware, and develop
new culturaily revelant courseware;

2) dissemination activities which
include the establishment of specialized
courseware libraries for use by other
similar minority institutions and a
visiting scientist program to further
support faculty courseware development
activities;

3) development of well conceived
programs of instructional computing on the
campuses of Minority Institutions which
include both science and non-science majors;

4) provide minimum but adequate
computing capability for instructional
computing and courseware development
efforts;

5) conduct evaluation activities
which will focus on the impact of
integrating computer techniques into the
instructional programs of each group of
Minority Institutions independently.

The training and dissemination
activities will be supported through lead
institutions, or equivalence, which will
serve as Centers for Technological
Resources (CTR's) for the other similar
minority institutions. The other
activities will be supported through
individual grants to Minority Institutions
where appropriate.

Additional information on MICAT will
be made available when, and if, the NSF
makes 1%'s decision in this regard.
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HANDROOK X:

TDUCATIONAL TECHNOLOGY

Ivan M, Seihert, ‘lational Center for Fducational Statistics

Snsan Hawvkins, Association for Tducational Communications and Technoloay

A. Lee Hall, Virginia Commonwealth University

James ‘fitchell,

In ap >«
tocused (n
education,
concerning

fn vhich special attention is being
alternatives to traaitional modes of
such too little is known or apreed upon
the re’e and imnact of educational
technolory.  Indeed, even the parameters of and
within the area have not been clearly identified
and defired. Reliable and valid statistics on the
availabilit- and use of educational technolopv are
presentlv la‘king or onen to auestion. In To
Improve lLearning, (1970), the Report of the
Commission on Instructional Technology to the U.S.
Congress and the President, attention was called
to the lack of reliabie and valid data on the use
of the technolo, f¢r of instruction, the absence of
"hard" cost data on the installation and mainte-
nance of televivion svetems in the nation's

public scrouls, and the lack of up~to-date sta-
tistics on "frstrictional Television Fixed
Service" (IS5 and closed ctrcuit svstems.

A major hasricy to collecting, analvzine, and
reportine r~l.able inforration reparding educa~
tional technologies {s the lack of clearlv defined
concepts and -tandardized terminolopy within the
firld. The Iaitioral “enter for Education Statis-
tics, Staroe ¢ incation aoencies, and other agencies

ollectin, -tatisties have heen consistentlv hand-
icapped by «uch lack of standardization. “ithout
commonlv vnderstaod and accented concents and
terminologv 1t {s difficult to communicate ade-
guatelv, to anaivze data being collected, and to
orovide meaningful information about the field.

Scattered information in the field of educa-
tional rechnology-=serhins {n larpe auantities-~
currentlv exists; but to be fully useful, it
must be assembled, evaluated, and standardized,
This reauires extensive ex:.’oration of the
sources and kinds of such data, consultation
with antherities in rhe field, and investipation
regarding particular needs and activities of
various assoctat:ons, eorpanizations, and
azencies ct,velv utilizing or concerned with
ceducational techraloev,

In recognmition >7 the need for a handbook of
terminoloyyv, definitions, and units of measure
in this field, the Association for Educational
Communications and Technolopv (AECT) was
awarded a contract in June 1973 bv the National
(enter for Hducation Statistics (NCES) for the
development o! such a handbook. The contractor
established a nitional planning group, consistine

Towa Denartnent of Public Tnstruction

of a renresentative from each of 19 associations

or apencies, to serve in an advisorv cavacity and

to review the materials as thev were developed.
The 1list of prouns and orpanizations selected to
review the draft informallv adds more than 25

other names to the list of narticinating apencies.

The second draft was reviewed also in 10
repional meetings (one in each HEW regional
center) in the fall of 1974 bv representatives
of the 19 associatfons and agencies from the
resnective States and outlvine areas. The final
manuscrint will reflect recommendations and
suprestions made bv the particinants in the
repional and national meetines.

The handbook is based on the assumption that
educrtioral technoloev is more than "hardware"
or "software."
seen as the nrocess wherebv learning resources
are nlanned. nroduced, utilized, and evaluated.
Thus, it is not the use of television, per se,
which makes Sesame Street an example of edu-
cational technoloev. It is the specification
of obiectives, the careful analvsis of learner
and subiect matter, the subseouent production
and delivery of instruction, which, when taken
topether, indicate the anplication of techno-
lopv. The final product will offer a

~definition of educational technolopv: a model
of the field: a corresnmondine classification
scheme that lists mator areas of the field and
their related terms- and finallv, definitions
for the terms in the classification scheme and
for other related terms,

This handbook will be the tenth in the State
Educational Records and Reports Series which
includes other handbooks dealine with areas
such as {inancial accountine, stuaent account~
ing, nromertv accountine, «taff accounting,
and State education apencv information. The
handbook series is desirned so that the various
handbooks are interrelated and the educational
technolosy handbook will further extend the
interrelationshin of the series by nroviding
an overall model which incermorates the sub-
fect matter of nrevious handbooks. Publica-
tion of Handbook X is scheduled for the summer
»f 1975.

-
[e8)
~

Rather, educatjonal technology is
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ON THE PROBLEMS OF TEACHER
PREPARATION IN INFORMATION SYSTEMS

T.C. Ting
School of Information and
Camputer Science
Georgia Institute of Technology

Computer and information technology applica-
tions in organizations have impacted the practice
of managenent significantly. Many information-
related positions in organizations demand that
formal educational programs produce high-quality
information systems specialists to fulfill infor-
mation-related functions. One of the deficiencies
in educational programs in information systems is
the lack of quality teachers. The problems of
information systems in organizations and the
causes for the lack of teachers in educational
programs are analyzed. Preliminary suggestions
are presented as a framework for the preparation
of teachers in information systems programs.

INTRODUCTION

Technological advancement in information
processing has affected the practice of manage-
ment significantly in most organizations. Compu-
terized information systems are being introduced
into more and more organizations to automate many
of the functions of information collection,
storage, processing, and dissemination. These
systems have demonstrated their capabilities both
for reducing information processing costs and for
providing better information for operatioms and
decision-making. As the relationship of informa-
tion systems to managerial effectiveness becomes
more evident, the further development of infor-
mation systems is promoted. The need for quali-
fied personnel, both managerial and technical, is
obvious, and the number of educated information
specialists at all levels must be enlarged to
meet the increasing demands for information-
related positions created in organizations.

Lducational opportunities in information
processing systems are now available in a number
of diverse programs oriented to management, to
computer science, to operatioms research, etc.,
but these educational programs are not adequate
to meet the quality as well as quantity needs of
information personnel in industries. Improvement
may be achieved by incorporating the body of know=-
ledge in information systems into existing cur-
ricvla, and by increasing research efforts con-
cerning the design and implementation of large-
scale information systems. Prc“essional programs
in i1nformation systems analysis and design should
be further encouraged to transmit the growing body
of xnowledge to those involved with information
systems.
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The lack of quality teachers is a serious
problem in educational programs in information
systems (Teichroew, 1971). The most significant
educational need at the present time is the train-
ing and preparation of teachers in the field of
information systems so that these teachers can
educate future practitioners, researchers, and
teachers. To satisfy the ultimate educational
goal in information systems, serious attention
should be devoted to up grading teacher qualifi-
cations.

In this paper, the causes for the lack of
quality teachers are analyzed with the hope that
the result of the analysis may provide a framework
for further development of teacher preparation
programs in information systems. In addition, the
paper discusses the issues of teacher preparation
in information systems, and coffers some suggestions
and recommendations.

INFORMATION SYSTEMS IN ORGANIZATIONS~~THE PROBLEM

Computerized information systems play a vital
role in today's organizations. Operating-level
administrators need information for guiding and
directing organizational activities, and high-
level management needs information for performing
its strategic functions of controlling, planning,
and development. Information systems have always
existed within the traditional management func-
tional areas. However, the rigidity of these func-
tional divisions has been considerably impacted by
the advent of computing and_information technology.

Computers offer the opportunity to formalize,
systematize, and automate many information-proces-
sing functions. By doing so, they encourage
centralizatiou of decision-making in that they
automate routine decision-making activities and
place many of the information production and dis-
semination functions into an integrated data base
system or network. Thus, the use nf computers
raises not omly technological questions, but also
questions regarding management philosophy, regard-
ing autherity and respomsibility, and regarding
organizational structure. It also brimgs into
focus the need for reviewing management policies
for selecting routine decisions for automation and
for validating procedures for automated decision-
making and control functions.
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Computing and information processing methods
are often viewed as highly quantitative and tech-
nical, and since many manegers do not have a clear
understanding of the capabilities and limitations
of 1information systems, they often leave the
handling of intormation problems to techmicians.
lhev are not really very involved with those
svstems, nor do they really understand the effect
of those systems on the organization.

Since information systems are merely tools
(tools designed to serve their users), users
needs must be clearly understood before a truly,
effective system may be developed. Certainly,
managers will need a general understanding of
computers, but this understanding must be used
primarily to specify the information require-
ments for the performance of their particular
functions and responsibilities; for example,
managers should be able to assess the validity
of the information produced by the systems, and
not be victimized by misinformation. The ques-
tion then is: What level of knowledge concerning
information svstems must managers have in order
to perform their roles in organizations of today
and tomorrow’

There (re in most organizations a large
number of (ntormation-related positions which have
no clear job descriptions. The roles of these
personnel are not clearly understood by management,
and supervisors sometimes simply do not know what
to expect from these people even in the way of
routine performance (let alone what to hope for
tn the wav of an outstanding display of imagina-
tion and -kill). The problem is due to the novel-
ty and rajid change of the tield. In many cases,
individuals are occupying information-related
positions for which thev are inadequately quali-
fied. Dericrencres are often due to the inereas-
ing technological requirements and managerial
involvements ot rhese positions. The issue is,
to what dogree should these positions be analyzed
S0 that thearr major funetions can be identified
and classivicd to pormit discussion of education=-
al requirument . tor those now involved in the
positions ind tor those becoming involved 1n the
future?

On the other hand, since the technical people
often do not comprehend the complexitv of the
organizationa! c¢nvironment in which the i1nforma-
tion svstems s to operate, they tend to under-
estimate the difficults of implementing a new
svstem,  line problem. 1n the administrative ap-
plications ot computer . are large-scale and ill-
structured, and go much bevond merely technical
considerations. However, formal academic programs
tead to trun thoir students in solving only well-
structurced, mathematically representable problems
in the arc) ot computing and 1nformation science.
As o result, the technically oriented graduates
find that organizational data processing problems
seem trivial but that their environment is much
more complex than thot of academic-oricented prob-
lems.  Thorefore, one of the important questions
16 How much management education should infor-
mation technologists have in order te perform well
in the orguanizations which will employ their
talents?
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Due to the rapid change in computing techno-
logy, the preparation of better qualified techni-
cal personnel is mandatory in order to maintain a
systems stability that will persist through changes
in hardware, software, and new development. On
the other hand, the systems which are designed
must have high flexibility in order to be respon~
sive to changes in organizational requirements
and to facilitate the making of nceded system modi-
fications in an orderly professional fashion.
Another question then is, To what degree should
educational programs in computer and information
systems provide their students with the basic
principles and foundations, so that they may cope
with the problems of the fast advancement of the
field and continuously progress in their techni-
cal and professional development?

EDUCATIONAL PROGRAMS IN INFORMATION SYSTEMS

How formal education programs in information
systems can contribute to the effective applica-
tion of computers in organizations is a particu-
larly interesting pedagogic question. Educational
programs relevant to positions in information sys-
tems are now available in several related fields.

Most business schools or departments of opera-
tions research offer some courses which introduce
computers for management. However, most of these
programs merely introduce the students to program-
ing skills (McKenney and Tange, 1971). Increasing
attention is being paid by some educators to de-
velop courses so that the computing and information
technology can support other management courses.
Such courses are intended to expose the prospective
manager to the computer.

Management cducation for information systems
specialists is just beginning in an organized
fashion (Ashenhurst, 1972). A few institutions
have implemented such programs, and they are begin-
ning to draw support from the business community.

Formal computer science degree programs are
increasing in numbers at all levels of the higher
educational system. These programs range from
doctoral to associate degrees. Nevertheless, most
of these programs are mathematically and techni-
cally oriented, and the applications of computers
in organizations are thinly covered.

These programs are not adequately fulfilling
the needs of the organizations. The basic prob-
lems are probably due to the following factors.

The academic institutions encourage the study

of well-structured problems. Most of the develop-
mental work in information gystems is done by in-
dustries and computer manufacturers. rublished
literature on information systems is often of
inferior quality. There are no acceptable standard
descriptions of information-related positions exist-
ing in terms of their function, knowledge, experi-
ence, orientation, and skills, which would allow
the study of educational requirements. Above all,
the most serious problem is the lack of qualified
faculty members in these programs.
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THE CAUSES OF THE LACK OF QUALIFIED TEACHERS IN
INFORMATION SYSTEMS

The basic objectives of educational programs
in {nformation systems are to provide necessary
knowledge and skills to individuals for informa-
tion-related positions and to facilitate students
with a wound foundation for continuing techmnical
and rrofessional development.

Individuals with unified knowledge and tech-
niques in problem-solving relating to people,
computational systems, and organizations are prob-
ably better equipped for the tasks of computer
applications in organizations. Educational lead-
ers have been working deligently in an attempt to
develop appropriate curricula in information sys-
tens with both technical and managerial comsidera-
tions to fulfill the desired educational objectives.
Since there exists no acceptable standard descrip-
tions for i{nformation-related positions in organi-
cations, and since the field of computing and in-
formation technology is a relatively new and fast-
growing discipline, the analysis of the education-
al requirements for these positions is indeed a
non-trivial taks. Several reports are now avail-
able for guiding the design and implementation of
the educational programs in information systems
and their related areas (Ashenhurst, 1971). How-
ever, the controversial curriculum issues of theo-
retical vs. practical approaches in computer and
information science have not yet been resolved;
though these issues have been widely discussed,
few agreements have been reached (Kandel, 1972,
and Blount and Fein, 1973). Some teachers in
information systems are confused and many of them
are simply taking a strong stand in the theory vs.
application dichotomy. Others may speculate on the
nature of the positions without real experience and
kaowledge of the context of the specific duties,
functions, responsibilities and authority, com-
straints and limitations imposed on those positions.

Oue of the difficulties in attracting quali-
fied teachers to educational programs is the reward
system {n academic institutions which is usually
inclined to discourage faculty members to devote
etfort toward application-oriented computing and
information studies. Faculty members are channel-
ling their energy and talents toward well-struc-
tured, small-scale and theoretically oriented
probienms in computer and information science. It
i> ubvious that the result of this discrimination
has been to make the applied fields of computer
and information technology an unpopular area of
study.

The majority of research and development
work in information systems are done by indus-
tries rather than universities. Industrial
urganizat ions usually do not emphasize the pub-
livation of research results, partly due to the
lack of recognrition of the value of publications
and partly due to the intention of management to
avold offering competitive advantages to other
vrganizations. Instead of simply communicating
research findings, publications from industry
often have different purposes. In some cases,
such publications are commercially oriented and
offer very littie value as resource materfal for
instruction and research. Faculty members fre-
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quently find themselves facing a large quantity of
published literature but not enough quality refer-
ences for their instructional uses or their re-
search endeavors. Publications in the areas of
applied administrative information systems are
often of inferior quality and often lack detailed
technical information. These publications may
sometimes be used to support the teaching of intro-
ductory courses, but they do not adequately support
applied courses beyond the introductory level.

Research conducted in universities on the sub-
ject of information systems is usually not too suc-
cessful either. In addition to the unfavorable
bias of the faculty reward system against solving
applied problems in an academic environment, the
students in computer and information science have
been also discouraged for undertaking research in
this direction. Furthermore, in addition to the
lack of quality references, universities often
also are not equipped qith adequate facilities for
undertaking research in the areas of ill-structured,
large-scale, relatively complex applied problems
in information and computer science. Some computer
science departments are now encouraging research
in this direction, but the results are far from
significant. However, this trend should be support-
ed.

The majority of faculty members now teaching
information systems courses are basically from the
computer gcience discipline. They may have ade-
quate concepts and knowledge in the field of com-
putational systems, but most of them have no or
lictle experience involving actual information
systems work. They do not appreciate, nor are
they interested in, the problems of computer appli-
cations in organizations. Due to the discrimina-
tory practices of academic institutions against
applications-oriented faculty, most qualified and
experienced information systems specialists have
no intention of leaving industry for working in
instruction and research and academic institutions.

PRELIMINARY SUGGESTIONS ON THE PREPARATION OF
QUALITY TEACHERS IN INFORMATION SYSTEMS

General Considerations

The following set of preliminary suggestions
concerning the preparation of quality teachers in
the area of information svstems is based on the
result of the analysis of the problems presented
in the previous section. The suggestions take
into account the following considerations.

1. The field of information systems mentioned
here would include general topics in hardware/
software components of computational systems; sys-
tems concepts and models; the organizational acti-
vities, functions, structures; and people (with
emphasis on applications). Teachers of information
systems may be involved in different disciplines
such as computer and information science, manage-
ment, operations research, etc. They are interest-
ed in a systematic body of principles and practices
for large-scale information systems, but they play
different roles in different programs with somewhat
different objectives.
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2. The preparation of quality teachers
not only consider the pre-service/in-service
ing programs of the teachers; it should also
sider such broader subjects as curriculum in

must
train-
con-
infor-

mation systems and their related areas, the instruc-

tional resource requirements, student involvement
tn instruction and research, the general support
of the teacher and of his professional, research,
and 1ntellectual development.

Suggestions

It is the author's intention to provide a
et of general recommendations which may be used
as a framework for developing teacher preparation
and improvement programs in information systems.,

1. Professional societies, industries and
wademic institutions interested in information
systems must continue to encourage cooperative
teamwork 1n an attempt to identify and develop
educational requirements and specificatioms for
information-related positions in organizations.
Based upon the results of these studies, appro-
priate educational programs may be developed, and
consequently the qualffications of the faculty
in those programs can also be better understood.
bue to the rapid changes both in computing and
information technology and in manigement require~
menrts, this tvpe of study should be a continuous
task.

2. Computer scientists in academic institu-
tions must encourage application-oriented studies
in order to counterbalance the theory vs. appli-
cation dichotomy. We must do our best to bridge
the gap between theory and practice in computer
and information systems. The computer discipline
may bhe viewed as an applied science with a theo-
retical foundation to support it. Basic research
is important in terms of discovery of new concepts
and principles in computing and information, but
to continue to ignore the application of these
concepts makes No sense. The solutions lied
computing problems may not be as eleganl as are
the answers to theoretical questions, but there
are many other challenges and rewards in problems
other than basic research issues.

3. Both academia and industry should promote
the exchange of faculty members and information
specialists in industries, in an effort to develop
hgh-quality faculty talents. Faculty may gain
first-hand experience 1n real organizational
vuavironments dealing with real problems instead
of hypothetical issues. At the same time, infor-
mat ion specialists in industries not omly will
learn new principles and new discoveries in
frontier research projects in the academic insti-
tutions, but their empirical knowledge and skills
will be an important contribution to faculty and
students in those programs. Industries in the
exchange programs will also gain substantial
benefits from the talents of these exchange facul-
ty members. In the long rum, they will eventually
be rewarded by the infusion into the industrial
environment of high-quality graduates of formal
educational institutions staffed by a high-quality
faculty with an appreciation for real problems
and solutions.

4. Academic programs in information systems
should encourage students to participate in work-
study programs. Students should be allowed to
integrate the iheoretical fundamentals with prac-
tical considerations for an early establishment
of a balanced attitude toward theory and applica-
tions. These exchange students may bring into
classroom discussion current issues related to
their work-study program, and this may stimulate
faculty members to be constantly aware of present
problems and recent developments in the field.
Experience gained from these exchange programs
will not only affect the future success of the
individual student himself but will also contri-
bute to the development of faculty as well as
other students, by sharing the fruitful results.

5. Industries and academic programs should
promote cooperative research projects in informa-
tion systems. Fundamental research and generalized
systems analysis and design techniques may be
best-suited for study in educational institutions.
Industries should make funds and equipment to aca-
demic institutions for conducting research problems
of a more general nature. Industries will obtain
great contributions from the collective intelle-
gence in universities. Faculty members will not
only enjoy the satisfaction of pursuing their real
research interests, but the outcomes may ef{fentually
change the reward system of the academic institu-
tions for the encouragement of applied research
effort.

6. Computer and informatir n scientists and
professional associations shoulu promote quality
publications for research and development results
in the field of information systems. They should
establish high publication standards and critical
reviews. This will not only result in fruitful
teaching references for formal educational pro-
grams but will also promote high research produc-
tivity by sharing results and ideas and thus avoid-
ing duplications.
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A NEW APPROACH TO TEACHING COBOL

Joyce M. Forrest
Virginia Commonwealth University

Teaching COBOL should be & snap--at least
that is the opinion of msny first-time COBOL
teachers. After all, many teachers either have
recently graduated from a teacher-training
iastitution where they learned to code intricate
programs or hsve previously worked as programmers
in industry where they gained their experience
in manipulating the COBOL language. Therefore
they know the language and feel ccnfident in it.

The first semester that a data processing
instructor teaches COBOL he invariably concen-
trates on the syntax of the language and the
physical structure of the computer. For some
reason many teachers feel that a student must
have a basic knowledge of the machine before he
can write an acceptable first program, although
this beginning exercise is usually copied from
the teacher's coding. Therefore, the initial
class meetings may be devoted to discussing the
input and output units, the central processing
unit, and the advantages and disadvantages of
COBOL when compared to other high level program-
ming languages. Following this introduction to
the computer and to computer languages, the
teacher may begin a detailed examination of each
of the COBOL divisions and the various required
and optional sections, paragraphs, and statements
within each division.

After these beginning class sessions, the
class usually begins to code its first program,
which may be an 5G/80 listing of data cards.
During this exercise the teacher will normally
explain in detail each of the statements of the
program as well as the optional sections and
paragraphs which are available but not necessary
in this program. The students take notes on
the syntax of the language as they copy the cod-
ing. Although several class periods of coding
may pass, the student will not be allowed to
test his program yet, for he must obtain the job
control cards necessary to run his job on this
particular computer. As he goes through these
final steps in preparing his job for compilation,
thé instructor may attempt to explain the func-
tion of the job cards snd the manner in which
the operating system interacts with the appli-
cations program. These additional lectures may
require another week of class time before the
student is allowed to test his program.

Needless tn say, by the time the student
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keypunches and compiles his fob he is completely
overvhelmed by the mass of details presented to
him during these preceding weeks. His enthusiasm
for learning 'data processing" has been squelshed.
He has become totally confused with the numerous
rules and statements associated with the COBOL
language. For the duration of the year the
teacher will never be able to rekindle the inter-
est and enthusiasm which the student initially
displayed. But even more importantly, the student
has probably developed a dislike for COBOL--a
dislike generated because he feels that a pro-
ficiency in this language is unattainable for

him. Yet, this is the one businsss data pro-
cessing language that most programmers are required
to know on the job.

Some {nstructors may vary their approach to
teaching COBOL. During the initial weeks of
class many will place less emphasis on the com-
puter technology in an attempt to present fewer
machine-related facts so the student may test his
programs earlier in the semester. Yet, without
realizing it the teacher may still be spending
too much time in these weeks of class discussing
and explaining COBOL instructions rather than
allowing the student to code and test his program.
Until the student has actually used the equipment
and processed several jobs, much of this discus-
sion will have little value for him.

Now there is a totally new approach to
teaching COBOL--an approach which allows the
student to test his program on the first or at
most the second dsy of classes. First, all the
optional words, paragraphs, and sections of the
program must be culled out for this introductory
Job. Then, by using the low-volume input and out-
put statements, the file descriptions and record
formats will be eliminated. The initial pro-
gramming exercise, though relatively useless to
an on-the- fob programmer, provides the beginner
with an opportunity to carry a computer job through
all the required phases between coding the inetruc-
tions to generating the output. However, the
quantity of material presented is not so great as
to make him feel uncomfortable.

This first programming assignment contains
the simplest types of COBOL instructions (See
Exhibit A). There are no superfluous statements
within the exercise. In fact, there are no sec-
tions within the Environment Division and only
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EXHIBIT A

une statement under the Identification Division.
There are no paragraphs within the Procedure
Division; and since the program utilizes no

files or records, there are no Open, Close, Read,
or Write verbs required. Since this exercise
produces an 80/80 listing without fillers bet-
ween fields, group and elementary levels are
unnecessary in the Data Division and only one
data-name is required.

Although the coding {s unquestionably
simple and straightforward, this easy exercise
will lead to discussions of many more complex
programming techniques. For example, because
three individual Accept and Display verbs are
exccuted in order to read and print three data
cards, a student may question the manner in
which multiple records will be handled. Thus
may emerge the technique of utilizing loops and
branches, the necessity for using procedure-
names, and may ultimately lead to a discussion
of modularizing a program. The Read verb with
the At End option may produce a discussion of
sequential file manipulation and the advantages
and disadvantages of this type of organization.

When the class begins looking at the report
which the program generated, undoubtedly someone
will question why there are no spaces between
the different fields. The teacher may then
alert the students to the manner in which COBOL
handles files, records, and fields. There
follows a thorough examination of group and ele-
mentary levels found in the Data Division and
the various types of picture formats which may
be used to define the data in the fields. After
completing each element i{n the Data Division,
the teacher may then proceed to the Select state-
ments in the Environment Division and the high-
volume input and output statements in the Proce-
dure Division. In this manner the student can
distinguish the relationship among the different
COBOL divisions.

FORREST
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Thus, with this initial prograuming cxercise
the student has the experience of cnding, ceapil-
ing, and debugging a problem. Each of these steps
presents something new to the student. The
quality of new material is not so overvhelning as
to discourage his inizial atteapts of learning
a cocuputer language. Instead of being Jisheart-
ened, the student will accapt <he concepts with
aore opca-unindedness, and mastering the language
becomes less difficult. Jroa this elementary
beginaing the student Jevelops a second program
almest tdentical to thie {irst one, c.cept that
this one uses the nigh-vnlune input and output
verbs 1nd a multiple nuaber of data cards. The
same input records are read by this seconld
program as by the first program; thavre are just
more of them this time. This second exercise
Suilds upon the first, adding paragraphs, records,
and files to the basic struzture. (See Lxhibit 2)

Whereas the {irst cxercise was si ply copled
froa te teacher's codlag, thils seconl cxercise
shouid allow the student =~ progran the proble~
uiaself. lerkaps the instructor should allow tle
student at least one labaratory day f-- working
~n this progra d-ring class tiac; 1. tals wnaze
tl.e teachec will be avatlatle for inifvidual
consultation when programming problens arise.
This second exercise should be accompanied by a
detailed flowchart from each student. Although
the flowchart requires few decisions to be made,
this pictorfal diagram will give the student the
experience of drawing a problem solution and then
using this solution to solve the problem in the
CulOL language. The teacher should begin empha-
sizing the flowchart and docunentation require-
ments early in the course so that the student
becomes accustomed to them and assunes that they
are naturally a part of progranming itself.

147



Q

[E

Aruitoxt provided by Eic:

RIC

Regardless of how hesitant the atudent may i

be to commit himself to floucharting and program-
ming this second job, the teacher should encourage
him to be on hia own as much aa posaible, Althagh
the student may have to spend additional time
debugging this job, he will gain more confidence
in himself and be more willing to tackle the next
assignnent 1f he feels that he has mastered this
one {ndividually, Should the student not be
encouraged to assume thia responsibility at thia
time, he will become more and more dependent on
his {nstructor and will never feel successful

in uaing COBOL.

This second program will probably be com-
pleted during the second week of classes, and by
the beginning of the third week the atudent will
have already written and tested two prograna,
Thus he will have a feeling of accomplizhment at
the very start of the class. His {nterest and
enthusiasm will not be stifled as they had been
previously. Thus, the teacher doea not have to
worry sbout rekindling that enthusiasm as he
attempts to expand into more complex programs and
nore intricate programming. Because the student
can see his progress during the past several
weeks, he has a feeling of self-confidence which
encourages him to begin the next assignment.

Each CO30L exercise which follows these first
two should be slightly more difficult than the
previous one. Perhaps by the third exercise the
student {s ready to begin writing headings on the
report and comparing codes {n the data. Gradually
the instructor should {ntroduce the more advanced
concepts of multiple fnput/output files, the sort
verh, multiple counters and master file updates.
Each exercise should be reasonably short and
concise and should {ntroduce one or more new
techniques. The teacher should not restrict jobs
to card input and printer output 1f addit{onal
input and output devices are available. Also, the
teacher should promote business-type applications
throughout the course, emphasizing such everyday
business requirements as proofing the i{nput data
for errors before processing them and accounting
for each record read and handled during a job,

Some students will always have difffculty
in mastering a programming language, and these
students should perhaps be encouraged into some
other major. However, for the majority of
students this simple approach to learning the
COBOL language provides an opportunity to find
success rather than discouragement. Perhaps the
student 1s more willing to continue from one
program to the next because the quantity of new
material he 1wst understand 1s not so great as to
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be overpowering. RXach time the atudent is suc-
cesaful {n hia programming attempt, he {s encour-
aged to begin the next asaignment. The {nstruc-
tor who usea thia approach to teaching COBOL
providea the atudent with the opportunity to be
succeaaful from the beginning of the course by
{introducing the new materisal to the atudent in
manegeable quantitiea.

The teacher who uaes thia approach {s better

".qutppcd to locate trouble apota when they occur,

The teacher may discover that the atudents have
more difficuity in reasoning through their
problems than they have i{n learning the syntax
of the language. Thus, the programming teacher
may wish to abandon COBOL {natruction for several
claas meetinga in order to concentrate on flow-
charting and problem-aolving techniques in more
detail. Thua the {natructor i{s better able to
distinguish between coding difficulties and
problem-solving difficulties.

Until a student registers for a programming
class he may never have seen or used a computer;
yet, without knowing anything about the suhject,
he 1s somehow motivated to learn "data proces-
sing." Thus, the teacher's main objective should
be to have each student compiling his programs
on the computer as soon as possible, By allowing
the student to code and test duriag the {nitial
week of classes the teacher stimulates his
interest and enthusiasm in learning the subject.
While all his other classes are demanding him to
read more and more textbook chapters, the student
{2 eble to do something in his COBOL class.
Immediately he has a good feeling for data
processing and i{s more willing to devote the time
and energy necessary for the class. The teacher,
too, will reap the rewards of a first-day QOBOL
program, for since he never allows the students
to lose their initial enthuaiasm he does not have
to atruggle to bolster clasa morale,

The studen: feela succeaaful in programming
rather than overwhelmed by an enormous mass of
detail and statements. He tries to master one
thing--C0BOL. Later he will attempt to under-
stand operating systems and computer mechanisms.
Hie becomes comfortable with the language {mmedi-
ately upon {ntroduction to {t. He is more willing
to persevere through the numerous compiles and
testa because he {s confident he can succeed; axd,
hopefully, thia confidence will lead him unhesi-
tatingly into more complex programming techniques
with as much success as he has experienced in
his first attempt.
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03 SCCIAL-SECURITY PIC x{(9).
C3  JAME PIC Xx(22}),
03  STRLET PIC X(24).,
J3 CITy-STATE PIC Xx(19),
03 L1p PIC X(5),
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PPICEDURE DIVISI N,

BEGIN.

OPEN INPLT FILEIN CuTpPul FILEGLT,
MAIN-RCUTINE,

REAU FILEIN AT END GO TQ FINISH.

MyVE SPACES T) PRT-REC.

MuvE CORRESPINOING STUDEANT-JL TC PRT-REC,

WR ITE PxT-rRE. AFTER ADVANCING 2 LIAMES.

6O T) MAIN-QUUTINE,

FINISH.
CLCSE FILEIN, FILEOUT,.
STUP RULN.

EXHIBIT B
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TRAINING PROGRAMS FOR
SYSTEMS ANALYSTS

Harrison S. Carter
Virginia Commonwealth University

Introduction

This paper describes the results of
a project undertaken by the Division of
Automated Data ProYessing (ADP) of the
State of Virginia. The primary purpose
of the project was to develop a training
program for practicing systems analysts
within the agency. Impetus for this
project grew out of a recognition by the
agency that incumbent sSystems analysts,
although well schooled in the hardware
and software technicalities, required
additional skills if they were to success-
fully perform the many interdisciplinary
tasks required of the systems analyst.

This need for education and training
of systems analysts is certainly not
peculiar to ADP. The Curriculum Commit-
teg on Computer Education for Management
(C°EM) of the Association for Computing
Machinery (ACM) has conducted a study on
curriculum development for M1S in higher
education. The primary results of this
study to date has been detailed recom-
mendations for graduate and undergradu-
ate programs in information systems.
These recommendations are the single
most definitive work to date regarding
information systems curriculum in higher
education. In one of the committee's
reports, they cite severzl problems
related to the use of computers in
organizations today. One of the maior
problem areas they focus their attention
on 15 that of inadequate preparation.
The committee states that: “personnel
are occupying positions for which they
are inadegquately qualified, through
deficiencies in computer systems and
management skills, training and experi-
ence (2)." Unfortunately the prognosis
for the immediate future 1S not good.
The IBM Corporate Staff for Manpower
Planning and Personnel forecasts a deficit

IMembers of the project were: Dr.
bave Tlomas, Mr. Sam Vaeth and Mr. Tom
Hallman of ADP; and Mr. George Kotlan and
the writer of Virginia Commonwealth Uni-
versity.
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of 62,000 sysioms analysts for 1975 (4).
Many other studies have focused on the
shortage of trained personnel to man the
increasing number of systems analysts
positions. While the forecasts of short-
ages vary, the studies do support the
position that the shortage is acute (2).
An inevitable consequence of this shortage
will be an increasing number of inade-
quately prepared systems analysts. There-
fore research and development in the area
of training and education for systems
analysts should be a high priority item
for educators and practitioners in data
processing. It is to this end that the
research described in this article is
directed.

Approach

The process of curriculum development
involved several major inputs. Since the
training program was designed for the
practicing analyst as opposed to the
trainee, the varied backgrounds and
experience levels among the incumbents
complicated the curriculum selection.
There were ten analysts selected to par-
ticipate in the training program. The
background and skills of these individuals
were carefully examined and constituted a
major input into the process of curriculum
development.

The results of this analysis indicated
that the incumbents were weil schooled in
the hardware and software arc¢as but were,
to some extent, deficient in one or more
of the following areas:

1. Information Systems Theory:

2, Management and Organization
Theory:

3. Operations Research;

4. Systems Design Techniques.

These four areas are identified by c3EM of
ACM as major topic areas in formal educa-
tion programs designed to produce systems
analysts (2).

The identification of
vided a framework for the
the curriculum. The next
process of developing the

these areas pro-
development of
step in the
training program




was to further define the topics to be
covered by the program and to specify the
detail with which each topic would be
covered. This step was accomplished by
George Kotlan and the writer, faculty
members at Virginia Commonwealth Univer-
si1ty (VCU). Our approach was to review
a number of textbooks in systems analy-
sis and esign and to study the curricu-
lum recommendat:ions of CSEM of ACM (1).
The actual contents of the training pro-
gram will be covered in the next section.
Following this further definition, the
ADP project team investigated alternative
systems analysis and design training
programs currently on the market that
treated those areas identified as neces-
sary to a successful training program.
This investigation resulted in the pur-
chase of a video-assisted instruction
course which became an integral part of
the training program.

After reviewing various textbooks
and the ACM curriculum recommendations
regarding systems analysis and design,
1t became apparent that there were many
legitimate topics that should be included
in the program. To cover each topic in
depth would have required an inordinate
amount of time, therefore, it was decided
to treat a fairly wide range of topics
but 1n less detail than was desired.

This approach was taken in the hopes that
the incumbents would see the value and
applicability of the topics covered and
investigate them further on an individual
basis.

When conducting training programs
such as this, there are a number of out-
come objectives that are possible. Some
of these are as folluws:

1. to impart knowledge;

. to develop skills;

. to change attitudes;

. to change individual behavior;
to change individual bebavicr
within the organization.

Given the number of topics that were
deemed necessary and the time require-
ments, the outcome objective of this
training program was to impart knowledge.

In summary, there were several rajor
inputs into the process of curriculum
development. These i1nputs included the
following:

1. knowledge and background of
the i1ncumbents;

2. subject areas recognized as
integral to the knowledge base desired
for systems analysts;

3. available training packages;

4. number of incumbents;

5. time constraints.

EWE N
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Training Program

The trairing program consisted of a
multi-media approach. The video-assisted
instruction course covered only a por~ion
of the topics 1n the program and was aug-
mented with seminars and individual
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readings. The seminars were given during
the work day according to the course
schedule. The video-assisted instruction
and the readings were on an individual
basis. Checkpoints were set up so that
blocks of material would be completed by
certain dates. The analysts were given
an adequate amount of time during the work
day to complete these individual assign-
ments. The topics, the amount of time
devoted to each, and the media are pre-
sented in Table I.

Tadle !
Training Curriculun

Lemath of
2y

Subject irc Fedra Instructor
Introduction 2 hours | Sesinar Project Staff
System Development

Process 4 hours Seainar Carter
User Relatiors 3 tours Seminar ¥otlan
Systems Approact/
Problen Bufinition 3.5 hours varZ Unit 1
Data Gatherrng 35 dours A Unit 2
Informati0n Analysis 2 hours VAl Unit 3
Checkpoint
Review 1 2 rours Seemar Project Staff
Work Peasurczent 3 hours Seainar Carter
Saepling ang
Estinatéing 3 hours Seminir Carter
Systen Flow
Charting Variable Readings Martaan { 3 )
Process Jivw
Charting Variadle Readings Lazzaro f £ )
Systeeat on
vl 16 (6)
Layout Charting Varfadble Readings Lazzaro
Systecation
vol 16
Organization
Si-uttures Veriatle feadrrns Syt .cn
vol 1
Forms Analys:s Yariable Readings Systeration
Yol &
Docuentation 5 dours val Unit 7
Checkpoint
Review }1 2 hours Semrnar Project Staff

Historical Cata
Analysis arg

Forecasting 3 nours Se~intr Corter
Cost Benefirt Analysis & hrurs Semin {arter
Conreiiin, Y hrner - Cepeen vy
Work Sirplafization dar.adie Pcalirys Systeration
vol &
Latzaro
Procedures Design Yaruadle Readircs Lazzaro
Pathres (7))
Chechporrt
Review 111 3 mours Stanrar Project Staff
Foras Anilysis 2 hour’ Semvnar Blanks
Report Writing 2 nours Seav.nar kall
PresentaZion
Technigues 2.5 hours VAl Unit 4
Heeting Tecnniques 2 hours Semtnar ball
Final Revrew 2 rours Seminar "roject Staff
Critique 3 hours Seeatrar Project Staff

2NideduAssisted Instructéon

Conclusions

The conclusions drawn in this section
are based upon inputs obtained from the
analysts during the training program.
There were three checkpoint reviews, a
final review and a final critique session
during which suggestions and criticisms
were solicited. The project staff en-
joyed a very open relationship with the
analysts. Therefoire, in my opinion., we
received quality, unbiased feedback from
the group.

The majority of the group felt that
the training program was too long and did
not take into account the individual needs

recy
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and interests of each analyst. Some of 5. Lazzaro, Victor, Systems and Proce-

the analysts felt that they were not given dures, Prentice-Hall, Inc., Englewood
sufficient time to complete the indi- Cliffs, N. J., 1968/

vidual assignments. In general, the group 6. Mathies, L. H., Systemation Series,
felt that the video-assisted instruction (17 Volumes).

units were too elementary and with the 7. Mathies, L. H,, Playscript Procedures.

exception of a few of the seminars, they
felt that none of the topics were covered
in enough detail. From the point of view
of a training coordinator, the writer
feels the program had two major short-
comings. First, the program did not take
into consideration the individual back-
grounds and interests of the incumbents.
Secondly, not enough time was devoted to
any single topic so that a person de-
ficient in that area could adequately
correct that deficiency.

Accepting the assertion that there
are inadequately prepared individuals
occupying systems analyst positions and
keeping in mind the distinction between
training a trainee for a systems analyst
position and training a practicing
systems analyst, the writer would offer
the following approach. Select a well
qualified senior analyst within your
organization or contract with such an
individual outside your organization.
Have this person evaluate on an individual
basis each one of your analysts. The
results of this evaluation should be an
identification of the strengths, weak-
nesses, and current interests of each
analyst. Using this analysis in con-
junction with your training coordinator
and the analyst, develop an individual
training program that accomplishes the
organizationts training objectives as
well as those of the analyst. The pro-
gram could well make use of higher edu-
cation courses, manufacturers' training
courses, seminars, video-assisted instruc-
tion, on-the-job training, etc. This
type of "training by objectives® approach
seems intuitively more acceptable by the
analyst and could provide a means of cor-
recting the problem of inadequately pre-
pared individuals function as systems
analysts,
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EPIC USERS PANEL

Panelists:

Mr. S. M. Raucher, Chairman, IBM
Corporation

Ms. J. E. Ellis - City of Virginia
Beach

Mr. D. L. McReynolds - Oklahoma
City Public Schools

Ms. A. Wood - Virginia Beach City
Public Schools

The LPIC users panel is designed to
promote an interchange of users
experience with the four EPIC program
products.

]

EPIC:SOCRATES Student Scheduling
and Master Schedule

Generation

EPIC:FAST - Test Scoring and
Analysis

EPIC:Student - Mark Reporting and
Attendance Ac-
counting

EPIC:Budget/ - Accounting and
Finance Budget Control

Panelists include users who have
successfully installed and utilized
these systems in thci: schools. In
addition, the most current maintenance
releuses will be discussed, including
new options in these systems.

Amplie opportunity for auections and
discussion will be provided.
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